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Abstract
Technological advances in clinical thermometers have resulted in a variety of minimally
invasive devices that give rapid results but may not have the accuracy necessary for use
in acutely ill adults. Inaccurate temperatures can result in missed opportunities for the
early identification and treatment of infection and sepsis. Following the methodology
outlined by Whittemore and Knafl, the purpose of this project was to conduct an
integrative review of the research on the accuracy of clinical thermometers used for
acutely ill adults. The evidence was categorized using the Hierarchy of Evidence for
Interventional Studies, and the quality of the studies was appraised using the indicators
described by Hooper and Andrews. Forty-seven studies met the inclusion criteria; the
findings on device accuracy were contradictory. Device accuracy was found in 10 (n =
27) studies on the tympanic (TM), 2 (n = 8) on the chemical dot (CH), 7 (n = 19) on the
temporal artery (TAT), and 3 (n = 13) on the axillary (AX) thermometers. Two of 2
studies found the no-touch (NT) device clinically inaccurate. Diagnostic accuracy was
found in 3 (n = 8) and 0 (n = 5) studies on the TM and TAT, respectively. Only 22
studies had an acceptable quality grade of A or B, limiting the validity of the evidence.
The evidence did not support the use of the NT and TAT thermometers or the AX route
for acutely ill adults. The CH device should be use with caution, and abnormal
temperatures should be validated with a more reliable device. For thermometers in use,
appropriate training and technique are essential for the most accurate results. Closing the
knowledge-to-practice gap on clinical thermometers can change the culture of nursing

practice, improve early sepsis identification, and increase the quality of patient care.
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Section 1: Nature of the Project
Introduction

The assessment of temperature as a marker for illness has been identified in the
literature as early as 1592 (Pearce, 2002). Boerhaave (1668—1738) pioneered the use of
the clinical thermometer at the bedside and correlated temperature with illness
progression (Pearce, 2002). In 1871, Wunderlich wrote, “a knowledge of the course of
the temperature in disease is highly important to the medical practitioner, and, indeed,
indispensable” (p. vi.). Wunderlich (1871) documented observations about temperature
that still have implications today. One observation was that an abnormal temperature was
something that could not be contrived or faked. Because temperatures could not be faked,
one could conclude that there was a physiologic disturbance simply from the change in
the temperature. Lastly, Wunderlich also identified that the observation of changes in
temperature could provide information about the course of some diseases. Using the
thermometer quite extensively in medical practice, Wunderlich performed over 1 million
temperatures readings in 25,000 patients (Pearce, 2002). According to Pearce (2002),
Wunderlich was the first person to identify the normal range of temperature as 36° C to
37°C.

In the early 1800s, the foot-long size of the thermometer remained a significant
barrier for use (Pearce, 2002). By 1852, further advances in the thermometer were
accomplished by adding a bulb reservoir for the mercury and narrowing the column
(Pearce, 2002). Allbutt (1836—1925) reduced the size of the mercury thermometer to one

that was six inches, and with it, the advent of routine temperature assessment in clinical
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practice had begun (Pearce, 2002). The mercury thermometer has been the gold standard
for routine temperature assessments until medical and environmental concerns related to
the mercury pushed the development of various electronic, digital, and infrared clinical
thermometers (Davie & Amoore, 2010).

Currently, there are a wide range of clinical thermometers used for hospitalized
adult patients. Thermometers that can be used in any clinical area include oral (O), rectal
(R), tympanic membrane (TM), axillary (AX), temporal artery (TAT), and no-touch
(infrared; NT). In critical care or the operating room, more invasive devices may be used
such as the esophageal (ES), bladder (BL), and pulmonary artery catheter (PAC)
thermometers. Clinical thermometers may be chosen for their novelty, convenience,
rapidity, and lack of invasiveness for the patient often without knowledge of differences
in accuracy (Dunleavy, 2010; Ostrowsky, Ober, Wenze, & Edmond, 2003). Factors
which can impact accuracy or reliability include (a) device characteristics and
configuration, (b) patient characteristics and physiology, (c) user technique, and (d)
calibration and maintenance (Davie & Amoore, 2010).

Problem Statement

Temperature assessment is integral to the care of all hospitalized adult patients.
Imprecise temperature measurements may lead to unrecognized infection, increased
morbidity and mortality, and increased health care costs (Dellinger et al., 2012; Hall,
Williams, DeFrances, & Golosinskiy, 2011). In the clinical environment, nurses may
choose to use a thermometer because of convenience (rapid results, noninvasive), the

ease of operating the device, or because no other thermometers are available (bulk
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purchase by the organization). When staff nurses at the former practicum site were asked
to clarify why they chose a specific thermometer or route, they were unable to specify
any related evidence to support their practice. These practices demonstrated a knowledge-
to-practice gap related to the use of clinical thermometers used on adult hospitalized
patients.

Additionally, the organization had identified the early identification and treatment
of infection and sepsis a system-wide priority. The importance of accurate temperature
assessment in early sepsis identification, as described by Dellinger et al. (2012), provided
the foundation for a clinical inquiry related to clinical thermometers. The evidence-based
practice (EBP) model used by the organization is the lowa model for evidence-based
practice (hereafter referred to as the lowa model; Titler et al., 2001). The lowa model was
used to provide the structure for the steps in this clinical inquiry, specifically the
comprehensive review of the literature. The comprehensive review of the literature was
developed as an integrative review (IR) for the DNP project.

The IR can have a significant impact on the field of nursing practice. An IR can
provide a synthesis of past research on a topic of interest and a summary on the
recommendations (Russell, 2005). An IR allows for the inclusion of both experimental
and nonexperimental evidence in order to obtain the best understanding of the problem or
the clinical question (Whittemore & Knafl, 2005). The evidence in this body of literature
may provide clarity related to which devices are the most accurate and reliable for

clinical use.



Purpose

The purpose of this project was to conduct an IR of the body of research related to
the accuracy and reliability of clinical thermometers. The IR review provides EBP
information to narrow the knowledge-to-practice gap identified in the clinical
environment. Also, a synthesis of the evidence will facilitate organizational decision-
making regarding which devices are best for early sepsis identification. The guiding
clinical practice question for this IR was: For adult patients in acute care hospitals, which
clinical thermometer or thermometers provide the most accurate and reliable temperature
readings?

Although there is a large body of research on the accuracy and reliability of many
devices, nurses may not be knowledgeable about the thermometers they are using in their
environment. The knowledge gap related to temperature devices may result in inaccurate
temperature measurements leading to missed opportunities to identify an early infection.
An IR of the pertinent body of literature may help to narrow this significant knowledge-
to-practice gap.

Nature of the Doctoral Project

The DNP project consisted of an IR of the existing research on the accuracy and
reliability of clinical thermometers. Russell (2005) defined an IR as “one in which past
research is summarized by drawing overall conclusions from many studies” (p. 8). A
systematic and comprehensive review of the research was conducted by accessing
computerized databases such as CINAHL, MEDLINE, and ProQuest. Search

methodology, search terms, and results are discussed in Section 3.
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The methodology for IR, described by Whittemore and Knafl (2005), was used as

a framework for the review. Additionally, the available research was categorized and
analyzed using the levels of evidence described by Fineout-Overholt, Melnyk, Stillwell,
and Williamson (2010). The IR provides a resource for nurses and leaders to help narrow
the knowledge-to-practice gap observed within the organization. In addition, the results
from the IR will also support leadership decision-making related to clinical thermometers
used within the organization.
Significance

Temperature assessment is a standard of care in all areas of nursing practice. My
former practicum site (part of a five-hospital system) identified early recognition and
treatment of sepsis as a system-wide organizational priority. Sepsis is a significant health
concern that can occur in any hospitalized patient; without early identification and
targeted interventions, the mortality rate can be as high as 20% (Dellinger et al., 2012).
Abnormalities in temperature (< 37°C or > 37°C), together with other clinical indicators,
have been identified as a potential marker for infection or sepsis (Davie & Amoore,
2010). The annual cost associated with treating sepsis (as of 2008) was estimated to be
approximately $14.6 billion (Hall et al., 2011). Kumar et al. (2006) determined that for
every hour in which there is a delay in treatment, patient mortality increases 7.6%.
Therefore, the accuracy of the assessed temperature is key in the early identification and
treatment of sepsis and is critical to survival.

Given the importance of temperature as part of recurring vital sign assessments,

the devices used in one’s organization should provide the most accurate and reliable



results (Flynn-Makic, VonRueden, Rauen, & Chadwick, 2011). In many institutions,
changes in temperature may result in a cascade of diagnostic studies in order to identify
potential infection; these can be costly to both the patient and the organization (Flynn-
Makic et al., 2011). The IR of the research on clinical thermometers provides
organizational leaders with critical information related to decision-making about any
potential changes in the devices used within the system. Additionally, this IR supports
nursing practice and clinical decision-making in other acute care hospitals concerned

with questions about accuracy and reliability of the clinical thermometers.

Implications for Social Change

Closing the knowledge-to-practice gap concerning temperature assessment
devices and their accuracy and reliability has significant implications for changing the
culture of nursing practice. At the organizational level, effective temperature assessments
provide data that can reduce morbidity and improve patient care. Safe, quality patient
care is a fundamental tenet in healthcare, as is our mandate to sustain these processes
while striving to mitigate increasing healthcare costs (Zaccagnini & White, 2011).
Without the appropriate use of EBP in the area of temperature assessment, devices are
often chosen for the novelty, the convenience, or the noninvasive nature of the device
(Manian & Griesenaur, 1998). Furthermore, many nurses presume a device is accurate
and reliable simply because it is adopted by an organization (Ostrowsky et al., 2003).
Often it is the nursing staff of healthcare organizations that raise safety concerns about a
device and are change agents and advocates for their patients (Bahr, Senica, Gringas, &

Ryan, 2010; Dunleavy, 2010; Ostrowsky et al., 2003).



Summary

The relevance of temperature assessment in all areas of nursing is apparent. In the
early identification and treatment of sepsis, temperature accuracy is even more important
(Birriel, 2013; Dellinger et al., 2012). An IR of this body of research provides nurses and
nurse leaders with an evidence-base resource on clinical thermometers and helps to
narrow the research-to-practice gap for this organization. As organizational leaders
consider the implications of temperature inaccuracy and missed opportunities to identify
infection, an IR provides additional evidence to support any recommended device
changes.

In Section 2, I provide a thorough description of the models and methods used to
inform this project. Additionally, I discuss the relevance of this problem to nursing
practice. Finally, I describe the local context for the project and my role as a DNP student

in the development of this project.



Section 2: Background and Context
Introduction

The accuracy of temperature assessment in the adult hospitalized patient is an
important factor in the early identification and treatment of sepsis. The purpose of this
project was to conduct an IR of the body of research related to accuracy and reliability of
clinical thermometers. The clinical practice question was: For adult patients in acute care
hospitals, which clinical thermometer or thermometers provide the most accurate and
reliable temperature readings?

In the following section of this study, I examine the concepts and models that
were used to guide the project. The models include a discussion on the IR and the
methodology described by Whittemore and Knafl (2005) and the levels of evidence
proposed by Fineout-Overholt et al. (2010). Additionally, I used the quality indicators
and quality score described by Hooper and Andrews (2006) and the lowa model for EBP
(Titler et al., 2001) to develop this review. Also included in the following section is a
discussion on the relevance of this project to nursing practice and my role as a DNP
student in conducting the project.

Concepts, Models, and Theories

Methodology

This project was an IR of the existing literature on the accuracy and reliability of
clinical thermometers. The IR methodology developed by Whittemore and Knafl (2005)
was used to provide the framework for this project. Whittemore and Knafl stated that the

IR is the broadest type of research review and can incorporate both experimental and



nonexperimental design. The inclusion of different types of research can lead to a more

robust understanding of the project question (Whittemore & Knafl).

The strategy for the IR described by Whittemore and Knafl (2005) consisted of

five stages:

1.

Problem identification — includes clear problem identification and
identification of the variables of interest.

Literature search — specific search strategies, search terms, computerized data
bases and the means to identify literature not found with computerized search.
These methods include reference reviews and research registries.

Data evaluation — determination of the quality of each study.

Data analysis — a synthesis of the evidence using (a) data reduction, (b) data
display, (c) data comparison, (d) conclusion drawing, and (e) verification.
Presentation — findings of the review are presented; conclusions are supported

by the evidence.

Hierarchy of Evidence

I used the Hierarchy of Evidence for Interventional Studies (see Figure 1)

described by Fineout-Overholt et al. (2010) to describe the levels of evidence for this

body of research. The seven levels describe the strength of the research. The categories

identify the strength of the evidence from the highest, level I evidence, to the lowest,

level VII evidence.



Hierarchy of Evidence for Intervention Studies

Type of evidence Level of evidence | Description
Systematic review or I A synthesis of evidence from all relevant randomized controlled frials.
meta-analysis
Randomized con- I An experiment in which subjects are randomized to a freatment group
rolled trial or control group.
Confrolled trial with- ] An experiment in which subjects are nonrandomly assigned to a
out randomization ireatment group or control group.
Case-control or v Case-control study: a comparison of subjects with a condition [case)
cohort study with those who don't have the condition (control) to determine
characteristics that might predict the condition.
Cohort study: an observation of a groupls) (cohort(s]) fo determine the
development of an outcomel(s) such as a disease.
Systematic review of v A synthesis of evidence from qualitative or descriptive studies to
qualitative or descrip- answer a clinical question.
tive studies
Qualitative or de- Vi Qualitative study: gathers data on human behavior to understand why
scripfive study and how decisions are made.
Descriptive study: provides background information on the what,
where, and when of a topic of interest.
Expert opinion or Vil Authoritative opinion of expert commitiee.
consensus

Figure 1. Hierarchy of Evidence for Interventional Studies. Adapted from “Evidence-
based practice, step by step: Critical appraisal of the evidence Part III,” by E. Fineout-

10

Overholt, B. M. Melnyk, S. B. Stillwell, and K. M. Williamson, 2010, American Journal
of Nursing, 110, p. 48. Copyright 2010 by Wolters Kluwer Health, Inc. Used with
permission (obtained 1/7/2016)

The Iowa model. According to Taylor-Piliae (1999), “evidence-based practice
aims to establish clinical practice based on scientific findings...and has the potential to

influence practice and education” (p. 357). Medicine and physician training has been

grounded in EBP and the synthesis of available evidence to guide practice (Taylor-Piliae,

1999). While there are large bodies of research evidence available to inform the practice

of nursing, the use of or ability of nurses to utilize this research has been limited (Hicks

& Hennessy, 1997). EBP models, such as the lowa model, were developed to narrow this
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research to practice gap (Taylor-Piliae, 1999; Zaccagnini & White, 2011). The Iowa

model (see Figure 2) was originally developed in 1994 and was designed to guide nurses

and other health care professionals to facilitate the use of research to improve patient care

(Titler et al., 2001).
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The lowa Model of
Evidence-Based Practice to Promote Quality Care

Y

Froblem Focused Triggers

1. Risk management data

2. Process improvement data

3. Internalextarnal benchmarking data
4. Financial data

5. identification of clinical prablem

4. Qeastions from instiutional standards committea

Knowledge Focused Triggers

1. Mew research or other literature

2_ Mational agencies or onganizational
standards and guidelines

3. Philosophias of cara

Consider
other
triggers

a priority

ks this topsc

organization?

Farm -E. I-EE-.;'I'F .

for the

| Assemble rebevant research and related literature

Y

[Canua and synihasize research for use in pracllmI -

Y

Pilot the Change in Practice
1. Salect ouicomas 1o be achieved
2. Collect baseline data

Is therg
a sufficlent

Base Practice on Other Conduct ||
Types of Evidence: regearch

1. Case reports

3. Design evidence-based practice (EBF) guideline(s)|
4. Implemant EBP on pllot units
5. Evaluate process and oulcomes
6. Modify the practice guideline

|

Continue 10 evaluale
quality of care and
new knowledge

Mo

A

Is changa

2. Expsarl opinicn
3. Scientific principles
4, Thaory

Institute the change in practice

Manitor and Analyze Structune,

Dhsseminate resulis |-

- l

<> a decision point

Process, and Ouicome Data
= Emvironiment
= Staff
= Cost
= Patient and tamily

Figure 2. ITowa model for evidence-based practice. Adapted from “The Iowa model of
evidence-based practice to promote quality care,” by M. G., Titler, C. Kleiber, V. J.
Steelman, B. A. Rakel, G. Budreau, L. Q. Everett,...C. J. Goode, 2001, Critical Care
Clinics of North America, 13, p.499. Copyright 1998 by the University of lowa

Hospitals and Clinics and Marita G. Titler, PhD,

RN, FAAN. Used/Reprinted with

permission (obtained 6/28/14). For permission to use or reproduce the model, please
contact the University of lowa Hospitals and Clinics at (379)384-9098.
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A review of the literature demonstrated the use of the lowa model in a wide range
of disciplines including neonatal (Haxton, Doering, Bringas, & Kelly, 2012), oncology
(Brown, 2014), critical care (Kowal, 2010), and nursing administration (Johnson,
Gardner, Kelly, Maas, & McCloskey, 1991). In addition, the model has been used in
nursing literature from Europe (C. Doody & O. Doody, 2011) and Asia (Chan, Lee, Poh,
Ng, & Prabhakaran, 2011; Taylor-Piliae, 1999). Zaccagnini and White (2011) stated
“selecting and defining the problem is the earliest and most critical step in an evidenced-
based intervention” (p. 104). The lowa model identifies these problems as a problem-
focused trigger or a knowledge-focused trigger (Titler et al., 2001). The problem for this
project was a knowledge-focused trigger related to nurses’ lack of knowledge regarding
the accuracy and reliability of different temperature devices. In addition, there was also a
problem-focused trigger related to the organizational priority for early sepsis
identification.

The second step of the lowa model requires one to consider if the problem is an
important issue to the organization (Titler et al., 2001). A topic or problem that is
consistent with organizational priorities and targets a high-risk or a high-cost issue, has
greater potential to be supported by key leaders (Titler et al., 2001). According to N.
Tauzon (personal communication, June 13, 2014), the organization under study targeted
the early identification and treatment of sepsis as a key process improvement issue. Since
a change in patient temperature is one of the early indicators of infection, the accuracy of
temperatures obtained within the organization was an important question to consider.

Once organizational support has been determined, the next major step to undertake is an
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assessment and critical review of the relevant literature to determine if there is sufficient
evidence to address a practice change (Titler et al., 2001). An IR of the literature was
conducted and that analysis will be discussed in Section 4 of this study.

Quality evaluation. Finally, the IR included an evaluation of the quality of the
research. The quality indicators and quality grade described by Hooper and Andrews
(2006) was used for this IR (see Table 1). According to Hooper and Andrews, an A or B

is considered to be an acceptable grade.

Table 1

Quality Indicators

Indicator Quality Score and Grade
Number of temperature measurements A:>8
B: 5-7
One data collector or interrater reliability of multiple data C:3-4
collectors addressed D: 02

Data collector training

Temperature measurement technique
Water-bath calibration of instruments

Core setting used for tympanic thermometers
Accuracy standard established

Results reported using instrument bias statistics

Temperature linearity addressed

Note. From “Accuracy of Noninvasive Core Temperature Measurement in Acutely I1l Adults: The State of
Science” by V. D. Hooper and J. O. Andrews, 2006, Biological Research for Nursing, 8(24), p. 28. Copyright 2006
by Sage Publications. Used with permission (obtained 3/8/2016).
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Relevance to Nursing Practice

Existing Scholarship

The body of existing scholarship on the question of accuracy and reliability of
clinical thermometers has grown along with the advances in technology. Moreover,
change was also driven by rising concern related to the mercury used in thermometers.
Mercury thermometers had the advantage of long-term stability, little maintenance or
training needed, and device failure was readily apparent (National Institute of Standards
and Technology, 2011). However, environmental and health concerns related to the
mercury resulted in a ban throughout most of the United States and in some European
countries (Environment Protection Agency, 2015). An alternative glass thermometer was
developed containing gallium (gallium-in-glass thermometer) and is also widely reported
on in the literature (Lefrant et al., 2003; Rubia-Rubia, Arias, Sierra, & Guirre-Jaime,
2011; Smith, 2003). While not considered safe to use in the United States, mercury
thermometers are still in use in many countries around the world and are included in the
current body of research (B. Jensen, F. Jensen, Madsen, & Lossl, 2000; Leon, Rodriguez,
Fernandez, & Flores, 2005; Prentice & Moreland, 1999; Rajee & Sultana, 2006).

Evaluation of clinical thermometers for accuracy and reliability in different
patient populations is important as results from one population, site, or route may not be
generalizable to other populations (Grove, Burns, & Gray, 2013). The available research
covers a wide range of clinical specialty areas and explores conditions specific to those
areas. In the critical care area, a variety of factors can influence the assessed temperature

to include vasopressors and physiologic condition (Giuliano, K., Scott, Elliot, &
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Giuliano, A., 1999; Lawson et al., 2007; Moran et al., 2007). In the pediatric population,

clinical thermometers that have been used for adult populations, were found to be
clinically inaccurate in this population (Nimah, Bshesh, Callahan, & Jacobs, 2006;
Siberry, Diener-West, Schappell, & Karron, 2002). In the perioperative arena, Barringer
et al. (2011) found that some thermometers were not appropriately sensitive for assessing
hypothermia. Finally, oncology patients have unique needs and have a lower threshold
for fever, so the sensitivity of thermometers used for this population is also important to
evaluate (Dzarr, Kamal, & Baba, 2009).
Nursing Practice and Impact of Temperature Assessment

According to Zaccagnini and White (2011), one’s practice should be based on
research evidence and not on historical processes. There are many variables to consider
when assessing temperature to include the device, the technique, and the patient (Davie &
Amoore, 2010). Although there is a large body of research evidence on the accuracy and
reliability of different temperature devices, a persistent evidence-to-practice gap remains.

Temperature assessment is a standard of care in all areas of nursing practice
including peri-anesthesia (pre-operative, intra-operative, and post-operative care), ED,
medical and surgical wards, pediatrics, and the critical care environment (Barringer et al.,
2011; Hooker & Houston, 1996; Lawson et al., 2007; Nimah et al., 2006). In the peri-
anesthesia environment, temperature assessment and ensuring normothermia throughout
the perioperative timeframe has been linked to decreased surgical wound infections

(Kurz, Sessler, & Lenhardt, 1996). Failure to mitigate hypothermia in the perioperative
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arena has been associated with an increase in adverse outcomes which also results in
increased healthcare costs (Brown-Mahoney & Odom, 1999).

In the ED, all patients are routinely screened for abnormalities in temperature
(Hooker & Houston, 1996; Singler et al., 2013). Data from the National Hospital
Ambulatory Medical Care Survey (Centers for Disease Control and Prevention, 2010)
showed that of the 129,843 ED patient records reviewed, 123,888 patients had their
temperatures screened upon presentation. Abnormal body temperature is one of several
factors including respiratory failure, vasopressor use, and bandemia which were
identified as early predictors of bacteremia in patients presenting to the ED (Chase et al.,
2012).

In the pediatric population, fever is one of the most common reasons parents seek
care for their children (Siberry et al., 2002). According to Browne, Currow, and Rainbow
(2001), between 20% and 30% of ED visits for children are related to episodes of fever
temperature. According to the American Academy of Pediatrics (2007), many
temperatures do not require treatment; however, immediate temperature assessment and
treatment can be critical for a small subset of pediatric patients. In the critically ill
pediatric patient, sepsis criteria includes a core temperature of > 38.3°C or < 36°C as well
as other physiologic indicators (Goldstein, Giroir, & Randolph, 2005).

In the ICU, early identification of infection has been identified as critical to the
successful treatment of sepsis (Dellinger et al., 2012). Sepsis is identified using several
physiologic components including evidence of a potential new infection and temperature

> 38.3°C or < 36°C (Birriel, 2013; Dellinger et al., 2012). Early identification of infection



18

and administration of antibiotics within the first hour (grade 1B) has been demonstrated
to improved mortality (Dellinger et al., 2012).

Given the importance of temperature as part of regular vital sign assessments,
thermometers used on adult hospitalized patients should provide accurate and reliable
measurements (Flynn-Makic et al., 2011). In many institutions, changes in temperature
may result in a cascade of diagnostic studies in order to identify potential infection; these
can be costly to both the patient and the organization (Flynn-Makic et al., 2011).
Additionally, temperature inaccuracies can lead to missed opportunities for the
identification of infection or sepsis, which also increase morbidity and mortality and
health care costs (Dellinger et al., 2012).

Previous Gap-in-Practice Strategies

There were two quality improvement (QI) projects related to concerns about the
accuracy of clinical thermometers in the literature. Bahr, Senica, Gingras, and Ryan
(2010) and Ostrowsky, Ober, Wenzel, and Edmond (2003) identified a clinical practice
issue with a new temporal artery thermometer (TAT). In both reports, concerns related to
the devices (accuracy and reliability) were raised which prompted the QI projects. User
technique, cleaning, and maintenance were also identified in both reports as leading
possibilities for inaccurate measurements. Although hospital-wide retraining was
accomplished in both facilities, neither group of authors reported a favorable outcome
with the TAT and these devices were removed from their respective hospitals.

Operator technique is often cited as a cause for variation in assessed temperatures

with new devices. As described by Bahr et al. (2010) and Ostrowsky et al. (2003)
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reteaching and retraining may be the first steps when concerns about new devices are
raised. Ideally, a thorough review of the available research should be evaluated prior to
the bulk purchase of any new device. Ostrowsky et al. reported that the only information
on accuracy and reliable of the TAT was from the manufacturer; no supporting data were
found in their literature review. Even with low-tech devices such as mercury-in-glass and
gallium-in-glass thermometers, technique variability using the axillary and rectal route as
accurate placement and dwell time are important (Sund-Levander & Grodzinsky, 2013).
IR Impacts Gap-in-Practice

Some of the challenges with the use of EBP identified by nurses at the bedside are
that the research is inaccessible, they are unable to understand the findings, and they do
not have time to search for current research evidence (Hicks & Hennessy, 1997; Krom,
Batten, & Bautista, 2010). The benefit of an IR review on the clinical thermometers for
the adult hospitalized patient is a synthesis of the evidence in one report. In addition, the
IR review can be used as a resource for clinical nurses and nurse leaders as an early
source of information when considering the bulk purchase of any new device.

Local Background and Context

The former practicum site was part of a five-hospital, for-profit system with 1,673
licensed beds. The relevance for the clinical question regarding accuracy of temperature
assessment was first identified through observation of the clinical nursing staff.
Temperature measurements were observed being accomplished with many clinical areas
with different devices and via different routes. Further, the nurses were unable to clarify

the rationale for their choice of device or route. In addition to the observed knowledge-to-
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practice gap, the organizational priority for early sepsis identification also supports the
need to answer the clinical question.
Federal Context

The hospital system studied is eligible for Medicare and Medicaid reimbursement
through the Centers for Medicare and Medicaid (CMS). The CMS is the federal agency
responsible for the management of Medicare and works in cooperation with state
governments to administer Medicaid (CMS, n.d.). The Hospital Value-Based Purchasing
(VPB) Program, a CMS initiative, is designed to reward acute care hospitals for the
quality of the care they provide (CMS, 2012). The hospital is located in the downtown
area of a large urban city and provides services to a large number of low-income patients.
Ensuring full CMS reimbursement for all eligible patients is consistent with the
organization’s fiscal and quality goals. There are a wide variety of measures incorporated
into the CMS reimbursement base including infection. Surgical site infection, catheter-
associated urinary tract infection, and vascular catheter-associated infections have been
identified by the CMS as a preventable healthcare-acquired condition (HAC; CMS,
2012). According to Mattie and Webster (2008), HAC resulted in 2.4 million additional
hospital days and cost between $17 billion and $29 billion. Under the VBP program,
acute care hospitals can lose up to 1% of the diagnostic-related group payments (this
number will rise to 2% in 2017; CMS, 2012).

Role of the DNP Student
According to the American Association of Colleges of Nursing (AACN; 2006),

the emphasis of the practice-focused doctoral degree is the focus on the translation of
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research into practice rather than the generation of new evidence. As a critical care nurse
and as an educator, the practice-focused degree fit well with my current practice and will
help prepare me for additional educational or clinical roles. As a critical care course
instructor, the importance of EBP is at the forefront of our didactic content and in daily
discussions at the clinical bedside.

My doctoral project, an IR, was developed in response to clinical questions that
surfaced from observations in the clinical environment. The IR is one method of
facilitating the translation of the research on clinical thermometers into practice at the
former practicum site. The five-hospital system associated with my practicum site
identified early sepsis identification as an organizational priority. Given the importance
of temperature assessment with this organizational priority, the topic of thermometer
accuracy merged well. The chief nursing officer at my practicum site, who was also my
preceptor, supported an in-depth literature review in order to evaluate the evidence on
which devices are best for the populations they serve.

The practicum experiences provided an opportunity to observe a broad variety of
clinical areas in a number of hospitals within the system. The questions surrounding
temperature accuracy were discussed with nurse leaders but more importantly with the
clinical nurses. It was the responses from nurses at the bedside, and the certified nursing
assistants, that led me towards the development of the clinical question.

The inspiration for an evaluation of temperature devices came from early
observations in the critical care environment, where a number of devices and routes were

used interchangeably. The rationales for use or route might include the ability to obtain
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rapid results or to improve patient comfort, which is consistent with what is described in
the literature (Davie & Amoore, 2010). The question of clinical accuracy of
thermometers was easily translatable to my practicum site and to the organizational
priority for early sepsis identification.

An important area of potential bias in this project included the preconceptions I
had on the accuracy and reliability of specific thermometers. Additionally, I had
preconceptions about the best routes for temperature assessment. These preconceptions
had the potential to lead me to discount valid and reliable data in favor of evidence which
supported my own preconceptions.

Mitigating bias in this project was important as the goal was to conduct an
accurate evaluation of the body of research, not an evaluation determined to support my
own personal opinions. One means of mitigating bias was to critically evaluate the data
from the literature, using a wide variety of resources to help me understand the statistical
analyses. Understanding how the data were reported was critical in my ability to
determine if the findings supported the authors conclusions or not. However, I think the
most important means of addressing potential bias in this project was to be aware of my
preconceptions.

Summary
Whitmore and Knafl (2005) stated that the IR can be used for a variety of
purposes including context definition, a review of theories, or to answer a specific
practice problem. The IR provides a resource for clinical nurses on the current research

evidence on clinical thermometers for the adult hospitalized patient. The availability of
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this resource will help to narrow the identified knowledge-to-practice gap. Further, the IR
serves as the comprehensive literature review identified in the lowa model (Titler et al.,
2001), which may facilitate decision-making for any potential changes in thermometers
for the hospital.

In the next section of this paper, I describe the collection and analysis of the
evidence. A thorough discussion of the sources of evidence will be provided along with
the specific databases, search terms, and inclusion and exclusion criteria used. Finally, I

present an analysis of the early findings.



24

Section 3: Collection and Analysis of Evidence
Introduction

The accuracy of temperature assessment in the adult hospitalized patient is
important for the early identification and treatment of sepsis. The purpose of this project
was to conduct an IR of the body of research related to accuracy and reliability of clinical
thermometers. The IR merges well with observed knowledge-to-practice gaps in the
clinical environment as well as supporting the organizational priority of the hospital study
site for early sepsis identification. The synthesis from this review can be used by clinical
nursing staff, nurse educators, and organizational leaders when considering alternative
devices for their hospitals.

In the following section, I will describe the practice-focused question, sources of
evidence, and search methodology. Also, a description of the methodology for tracking,
organizing, and synthesizing the research will also be provided. Finally, I will present an
early analysis of the findings from the literature search.

Practice-Focused Question

The accuracy of temperature assessments is essential for the early identification
and treatment of sepsis in the adult, hospitalized patient (Dellinger et al., 2012).
According to Oermann and Hays (2011), the purpose of an IR is to advance one’s
understanding of a specific topic or clinical question. Organizational leaders can rely on
the synthesis of the literature in the IR to facilitate decision-making about their current
devices and needs. Additionally, the information from the IR guides clinical nurses and

helps to narrow the observed knowledge-to-practice gap at the former practicum site.
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The project question was: For adult patients in acute care hospitals, which
clinical thermometer or thermometers provide the most accurate and reliable temperature
readings? The research question should be developed using four components, the
population, issue of interest, the comparison being made, and the desired outcome (Terry,
2012). The project question in this format was:

* Population — adult patients in the acute care hospital;

* Issue of interest — accuracy/reliability of clinical thermometers for the most

accurate temperature assessments;

* Comparison — device comparisons were reviewed from the available research;

* Outcome — use the best evidence in selecting a clinical thermometer or

thermometers; improved accuracy of assessed temperature may improve early
recognition and treatment of sepsis.
Sources of Evidence

The databases that I queried for literature from January 1999 to December 2015
included CINHAL & MEDLINE Simultaneous Search, ProQuest Nursing & Allied
Health Source, the Cochrane Database of Systematic Reviews and PubMed. A search of
these databases was undertaken using the following keywords: temperature assessment,
temperature assessment AND methods, body temperature determination, body
temperature determination AND methods, thermometry, and thermometry AND methods
AND comparison. The inclusion and exclusion criteria for this review is described in

Table 2.
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Table 2

Inclusion and Exclusion Criteria

Inclusion Exclusion

Peer-reviewed journals Ambulatory settings

English language Outpatient settings

Human studies Prototype experimental studies
Critical care or intensive care unit Intraoperative TM thermometer
Perioperative Exercise related studies
Emergency Department Healthy volunteers

Inpatient Pediatrics (< 19 years old)
Adult (19+)

The inclusion of multiple clinical areas in this review was specific to the
population identified in the clinical practice question of “hospitalized adult patient.”
While the ED may be considered an outpatient treatment area, it is also a significant
source (high volume, high risk) for patients being screened for infection or sepsis (Singler
et al., 2012; Varney et al., 2002). Lastly, the review did not include research on children,
as their physiologic differences limit the generalizability of findings to adult populations.
The level of evidence described by Fineout-Overholt et al. (2010) was used to categorize
the body of evidence for this project. The quality of the evidence was evaluated using the
quality indicators and quality score (see Table 1) described by Hooper and Andrews
(2006). The evidence will be described by the level of evidence and grouped by device.
Protection of Human Rights

The protection of human rights in research is paramount and is governed by the
U. S. Department of Health and Human Services (2009). This capstone project was an IR
of the literature related to clinical thermometers used for adult hospitalized patients; no

human subjects were used. Nevertheless, the project purpose and methods were reviewed
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and approved by the Walden University Institutional Review Board (IRB approval

number 03-11-16-0450734).
Analysis and Synthesis

Search results for database and keyword searches were documented on a separate
spreadsheet to ensure continuity in search procedures. Documentation included the
number of hits (for each search), number of relevant articles, number of repeated relevant
articles, and number of articles selected for early review. Additional search methods
included hand searches through reference lists to ensure all relevant research was
included in this review.

The search results yielded 2,643 papers and the abstracts were reviewed for their
relevance to the clinical question. The initial abstract review resulted in the selection of

85 papers. Further review resulted in the exclusion of 38 papers described in Table 3.

Table 3

Table of Article Exclusion

Author, Year Article Title Rationale for Exclusion

Abolnik et al., 1999 Comparison of oral and tympanic temperatures ina  Outpatient sample
Veterans Administration outpatient clinic

Ahmadnia et al., 2010 A comparison between urinary bladder Letter to the editor, no copy of
temperature and rectal, axillary, and oral research available
temperatures following kidney transplantation

Arslan et al., 2011 Analysis of the effect of lying on the ear on body Outpatient sample
temperature measurement using a tympanic
thermometer

Bock et al., 2005 The accuracy of a new infrared ear thermometer in ~ Prototype temperature device

patients undergoing cardiac surgery

Camboni et al., 2008 Accuracy of core temperature measurement in Brain temperature as reference, not
deep hypothermic circulatory arrest generalizable for review purposes
Cronin and Wallis, 2000 Temperature taking in the ICU: Which route is Quality improvement project
best?
Dowding et al., 2002 An investigation into the accuracy of different Sample included healthy volunteers

types of thermometers

(table continues)
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Author, Year

Article Title

Rationale for Exclusion

Dzarr et al., 2009

Fallis 2005

Gasim et al., 2013

Giantin et al., 2008

Gobolos et al, 2014

Hamilton et al., 2013

Harioka et al., 2000

Hausfater et al., 2008

Huang & Kurz, 2001

Hocker et al., 2012

Hutton et al., 2008

Khorshid et al., 2005

Kimberger et al., 2009

Kistemaker et al., 2006

Lu et al., 2009

Masamune et al., 2011

Modell et al., 1999

A comparison between infrared tympanic
thermometry, oral, and axilla with rectal
thermometry in neutropenic patients

The effect of urine flow rate on urinary bladder
temperatures in critically ill adults

Accuracy of tympanic measurement using an
infrared tympanic membrane thermometer

Reliability of body temperature measurements in
hospitalized older patients

Reliability of different body temperature
measurement sites during aortic surgery

Clinical performance of infrared consumer-grade
thermometers

“Deep-forehead” temperature correlates well with
blood temperature

Cutaneous infrared thermometry for detecting
febrile patients

Body warmer and upper extremities positions
affect accuracy of cutaneous thermometers during
anesthesia

Correlation, accuracy, precision, and practicality of
perioperative measurement of sublingual
temperature in comparison with tympanic
membrane temperature in awake and anaesthetised
patients

Accuracy of different temperature devices in the
postpartum population

Comparing mercury-in-glass, tympanic, and
disposable thermometers in measuring body
temperature in healthy young people

Accuracy and precision of a novel noninvasive
core thermometer

Reliability of an infrared forehead skin
thermometer for core temperature measurements

The effects of measurement site and ambient
temperature on body temperature values in healthy
older adults: A cross-sectional comparative study

The usefulness of an earphone-type infrared
tympanic thermometer during cardiac surgery with
cardiopulmonary bypass

Hope for the infrared tympanic thermometer: One
model outperforms the others

Sample included children

No comparison related to the purpose
of the review
Sample included children

Comparisons were related to
functional assessments

Intraoperative tympanic thermometer
is not comparable to device used for

intermitted temperature assessments
Sample included children

Device not available for general
population

Sample included children

Additional variables of skin
temperature and body position not
related to purpose of review
Intraoperative tympanic thermometer

is not comparable to device used for
intermitted temperature assessments

Sample included newborns

Outpatient sample

Investigational device
Sample included outpatients and
exercise

Outpatient sample

Intraoperative tympanic thermometer
is not comparable to device used for
intermitted temperature assessments

Letter to the editor, no copy of
research found

(table continues)
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Author, Year

Article Title

Rationale for Exclusion

Nguyen et al., 2010

Nuckton et al., 2001

O’Brien et al., 2000

Onur et al., 2008

Rabbani et al., 2010

Schey et al., 2009

Schmal et al., 2006

Sehgal et al., 2002

Sener et al., 2012

Singh et al., 2000

Smith, L.S. 2003

Smith, L. S. 2004

Sund-Levander et al., 2002

Washington & Matney, 2008

Comparison of three infrared thermal detection
systems and self-report for mass fever screening

A comparison of two methods of measuring rectal
temperatures with digital thermometers

The accuracy of oral predictive and infrared
emission detection tympanic thermometers in an
Emergency Department setting

Oral, axillary, and tympanic temperature
measurements in older and younger adults with or
without fever

Tympanic temperature comparison with oral
mercury thermometer readings in an OPD setting

Skin temperature as a noninvasive marker of
haemodynamic and perfusion status in adult
cardiac

surgical patients: An observational study

Effect of status after ear surgery and ear pathology
on the results of infrared ear thermometry

Comparison of tympanic and rectal temperature in
febrile patients

Agreement between axillary, tympanic, and mid-
forehead body temperature measurements in adult
emergency department patients

Variation of axillary temperature and its
correlation with oral
temperature

Using low-tech thermometers to measure body
temperatures in older adults: A pilot study

Temperature measurement in critical care adults:
A comparison of thermometry and measurement
routes

Normal oral, rectal, tympanic, and axillary body
temperatures in adult men and women: A
systematic literature review

Comparison of temperature measurement devices
in post anesthesia patients

Devices were not comparable to other
infrared devices

Outpatient sample

Sample included children

Sample included children

Outpatient sample

Skin temperature used as comparison

Sample included healthy volunteers

Sample includes children

Sample included children 16+

Sample included children

Pilot study

Experimental device

Topic was normal body temperature

Sample included children
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Summary

The assessment of temperatures is considered a routine activity in all areas of
nursing. The accuracy of assessed temperatures is important as abnormalities in
temperature may be an early indication of infection or sepsis (Dellinger et al., 2012).
There is a significant body of research available comparing different clinical
thermometers: however, many nurses are not aware of this evidence. An IR of this body
of evidence provides nurses with a resource to narrow this knowledge-to-practice gap.
Advancing nursing knowledge in this area can also lead to early identification and
treatment of sepsis, improved quality of care, and reduced health care costs. The IR will
also provide organizational leaders with the comprehensive literature review necessary to
make decisions about the clinical thermometers used in their hospitals.

The next section of this paper reports on the findings of this IR and includes
implications for clinical practice. Also, I will include recommendations for the
organizational leaders regarding device accuracy and the potential to impact early

recognition of sepsis within their organization.
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Section 4: Findings and Implications
Introduction

The accuracy of temperature assessment in the adult hospitalized patient is
important; changes in temperature (< 37°C or > 37°C) can be an early indicator of
infection (Dellinger et al., 2012). At my practicum site, an organizational priority for
early sepsis identification, together with an observed knowledge-to-practice gap related
to clinical thermometers, provided the foundation for this IR. The practice-focused
question that guided this inquiry was: For adult patients in acute care hospitals, which
clinical thermometer or thermometers provide the most accurate and reliable temperature
readings? An IR review of the literature provides nursing leaders with a resource to
narrow the knowledge-to-practice gap identified in the clinical environment. The IR also
provides organizational leaders with an evidence-based review of the literature to
facilitate decision-making about thermometers used in their hospitals.

A search of the literature was undertaken using a variety of search terms
(previously described in Section 3) in four databases: CINHAL & MEDLINE
Simultaneous Search, ProQuest Nursing & Allied Health Source, the Cochrane Database
of Systematic Reviews, and PubMed. The review methodology described by Whittemore
and Knafl (2005) guided this review. The Hierarchy of Evidence (see Figure 1) described
by Fineout-Overholt et al. (2010) was used to categorize the body of evidence. Lastly, the
quality of the evidence was evaluated using the quality indicators and quality grade
described by Hooper and Andrews (2006; see Table 1). The review of the literature will

first be described by the level of evidence (highest to lowest strength), followed by
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device, and reference site. The articles were grouped into those considered clinically

unacceptable, clinically acceptable, or inconclusive. Additionally, 11 studies included an

evaluation of the diagnostic accuracy of some thermometers; therefore, those findings are

also delineated.

Findings and Implications

There were 47 articles which met the inclusion criteria for this review. A

summary of these articles can be found in Table 4. Most of the populations were from the

intensive care unit (ICU; 21), followed by medical/surgical wards (9), perioperative

patients (6), the ED (4), and oncology (3). Several articles had combined populations

from more than one area such as the ICU and medical/surgical wards (2), ICU and the

ED (1), and the ICU and perioperative patients (1). Many of the studies provided

comparison data on several devices, and the results are presented in the device specific

section.

Table 4

Summary of Articles Included in the Integrative Review

Author/ Year  Study Design Population Purpose / Findings/Conclusion
Sample A priori acceptability
Level I Evidence
Jefferies et Systematic ICU - Determine accuracy of -5 of 7 TM’s and the O were within pre-
al., 2011 review N=3 peripheral thermometers in defined criteria while R was outside this limit
detecting fever (> 37.5°C) in all three studies.
TM, O, R compared to PAC
(reference) -TM and O provide accurate measure of core
- Acceptability: mean temp within the febrile range. R is clinically
difference +0.2°C of PAC inaccurate.
Level IV Evidence
Amoateng- Prospective ICU - Determine accuracy of TM - TM to PAC correlation range 0.83 to 0.89
Adjepong et  observational N=51 compared to PAC (reference) - Accuracy and correlation coefficient
al., 1999 cohort study 918 paired - Evaluate intra-observer differed depending on operator skill
readings; 153 variability between ICU RN ICU RN educator — 98% accurate;
observations educator (1), ICU RNs, floor r=0.98; ICU RNs — 80% accurate;

RNs, medical assistants (MA)
- Acceptability: within 0.5°F
of PAC

7= 0.90 Floor RNs/MA — 61% accurate
r=0.82

- TM is accurate, but accuracy is dependent
on operator skill

(table continues)
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Author/ Year  Study Design Population Purpose / Findings/Conclusion
Sample A priori acceptability
Barringer et Repeated Peri-Op - Evaluate equivalence - Preoperative — TAT bias were -0.27°F (95%
al., 2011 measures N=286 between TAT, AX to O LOA -1.46,0.91); AX bias 0.5°F (95% LOA
comparison 258 paired (reference) -0.9, 1.8)
design readings - Acceptability: not defined - Postoperative — TAT -0.12 (95% LOA -
1.49, 1.24)
AX bias -0.2 (95% LOA -2.1, 1.7)
- TAT is acceptable replacement for oral
Bodkin et Prospective ED - Compare TAT - Bias 0.48°C (SD +0.8) P <.0001
al., 2014 observational N =100 measurements to O - 49% had clinically significant different
cohort design (febrile = 47, (reference) temperatures between TAT and O
afebrile = 53) - Evaluate accuracy of TAT to - 57% (n = 27) of fever detected by O, were
200 readings detect fever (38°C) not measured by the TAT
- Acceptability: difference of - TAT should be used with caution; screen
+0.5°C for other clinical indicators of infection
Calonder et Repeated Peri-Op - Evaluate the difference - O biased high (to ES) by 0.12°C (P = .0008;
al., 2010 measures N=23 between core measured by O 95% C10.061, 0.187);
comparison 46 measures and TAT compared to ES TAT biased high 0.075°C (P =.03; 95% CI
design per site (reference) 0.010, 0.133).
- Acceptability: temperature - Statistically significant differences between
difference of > 0.4°C O, TAT and ES, but within clinically
acceptable criteria
Counts etal., Method ICU - Determine differences in - CH within acceptable bias, precision
2014 comparison, N=48 temperature obtained with CH  slightly outside acceptable value (0.56°C)
cohort design 144 paired and TAT compared to O - TAT — bias and precision exceeded
readings (reference) recommendations; not recommended for
- Acceptability: bias <+ routine use
0.3°C; precision < =+ 0.5°C
Duncan et Prospective ED/ICU - Assess reliability/validity of - NT reliability — strong correlation between
al., 2008 comparison N=093 NT compared to O (reference)  NT readings (» = 0.94)
design Paired and BL (reference) bias between readings 0.00°C (SD 0.15)
readings - Acceptability: + 0.3°C - NT and O — poor correlation/poor
ED - 148 ICU agreement (r = 0.26); bias 0.87°C (SD 0.58)
-38 - NT and BL — highly correlated/poor
agreement (r = 0.83); bias 1.17°C (SD 0.67)
- NT is reliable, but does not agree with O or
BL; NT not recommended for use
Dunleavy, Comparative ICU - Determine which device is - TM to O: variance of > 0.8°C in 58%
2008 descriptive N=10 most accurate TM to O - TM to BL: variance of > 0.8°C in 35%; of
design 241 paired (reference); TM to BL the 35%, 38% had variance of > 1.5°C.
readings (reference); BL to PAC - Based on variance of TM to O and BL; TM
(reference) not recommended for ICU patients.
- Acceptability: not defined BL is an acceptable alternative for PAC
Fallis, et al.,  Prospective Peri-Op - Assess agreement between - Bias 0.35°C + 0.32°C (p <.0001,
2006 observational Obstetrics CH and O (reference) 95% C10.31, 0.40)
comparison N=62 - Acceptability: difference of - LCCC poor (0.443)
design 212 paired 0.3°C - CH underestimated O in 81%;
readings overestimated O in 10%
- CH significantly under-measures O and is
not a reliable indicator for temperature
evaluation
Farnell et al.,  Prospective ICU - Compare accuracy and - CH and TM to PAC bias 0.2°C (SD 0.34; P
2005 observational N=25 reliability of CH and TM to <0.0001) and 0.0°C (SD 0.59; P =0.39),
comparison 160 paired PAC (reference) respectively
design readings - Clinical significance - Clinical significance: 15.3% (n = 26) CH

(determined by medical staff)
— would inaccuracy cause a
delayed intervention or result
in an unnecessary intervention

and 21.1% (n = 35) TM might have had
delayed interventions; while 28.8% (n = 44)
CH and 37.8% (n = 58) TM might have
received unnecessary interventions

- CH was more accurate/reliable than TM.
TM not recommended for use.
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Author/ Year  Study Design Population Purpose / Findings/Conclusion
Sample A priori acceptability

Fetzer et al., Prospective Peri-Op - Evaluate agreement between - TAT to TM bias - 0.04°C (SD 0.64) 95% C1
2008 descriptive N=222 TAT and TM (reference) -1.29,1.21

correlational 444 paired - Acceptability: within 1.0°C - Pearson’s » = 0.42; P = .000

design readings of TM; 95% CI within 1.0°C - TAT and TM cannot be considered

equivalent

Fountain et Method Oncology - Evaluate agreement between - CH, TM, TAT to O bias 0.00°F (SD 0.92);
al., 2008 comparison N=060 CH, TM, and TAT to O 0.39 (SD 1.01); 0.68 (SD 0.99), respectively

cohort design 240 readings (reference) - Significant difference between O, TM, and

Frommelt et
al., 2008

Gilbert et al.,
2002

Giuliano et
al., 1999

Giuliano et
al., 2000

Hasper et al.,
2011

Prospective,
method-
comparison
design

Repeated
measures
design

Prospective
descriptive
comparative
design

Prospective
descriptive
cohort study

Prospective
correlational
cohort study

Surgical ward
N=84
333 readings

Surgical ward
N=257

514 paired
readings

ICU
N=102
393 readings

ICU
N=172
812 readings

ICU
N=10
558 readings

- Acceptability: not defined

- Compare TM, TAT, and CH
to O (reference)
- Acceptability: not defined

Examine reproducibility of
TM and O;

Acceptability: difference of
0.2°C

- Determine reliability and
accuracy of O and TM when
compared to PAC (reference)
- Acceptability: bias £0.3°C
and a SD 0.3°C

- Determine accuracy and
variability of O and TM, in
febrile (>38°C) patients,
compared to PAC (reference)
- Acceptability: accuracy
tolerance zone of +0.5°C

- Compare BL and TM to ES
(reference) during therapeutic
hypothermia (32-34°C)

- Acceptability: not defined

TAT (F3, 171 = 1251, P < 00001)
- Significant difference between TM and
TAT (p =0.003 and p <0.0001, respectively)
- TM / TAT not recommended for use.
- CH - good agreement with O; authors
recommend limited use
- TM to O bias -1.21°F (SD 0.79);
t=14.09, p <0.0001;
- TAT to O bias 0.37°F (SD 0.67);
t=-5.11,p <0.0001
- CH to O bias -0.28°F (SD 0.69);
t=3.78, p=0.0003
- TM and TAT had greatest variability, not
recommended for use; CH had less
variability, use with caution.
-Bias between TM1 and TM2 0.28°C, 46%
were >+ 0.2°C
Bias between O1 and O2 was 0.19°C, 63%
were >+ 0.2°C
- TM to O bias 0.36°C, 34% were clinically
significant
- Strong negative correlation between TM
and O (r=-0.96, p <.001)
- No correlation between devices; important
to use the same thermometer for serial
temperature measurement
- O to PAC bias -0.15°C (SD 0.36); p = .0001
- TM (core mode) to PAC bias -0.11°C (SD
0.57); p=.0795 TM (oral mode) bias -
0.52°C (SD 0.53); p = .0001.
- TM demonstrated greatest variability, not
recommended. O is acceptable alternative for
PAC
- O to PAC bias 0.18°C, SD in afebrile =
0.50°C; febrile = 0.47°C
- 47 data points outside tolerance; bias in
febrile patients
TM to PAC bias -0.17°C, SD in afebrile =
0.64°C; febrile 0.65°C - 75 data points
outside tolerance
- In febrile patients, wide variability with
both TM devices, even with expert operators.
O temperatures had the best agreement with
PAC
- BL, TM to ES bias, LOA (£ 2SD) 0.019°C,
+0.61 and 0.021°C, and + 0.80°C,
respectively
- Strong positive correlation TM to ES and
TM to BL =0.95, p <0.0001, 95% CI10.93,
0.96; = 0.96, p < 0.0001, 95% CI1 0.95,
0.97, respectively
- TM temperature is an accurate
representation of ES and BL in hypothermic
range (32-34°C)
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Author/ Year  Study Design Population Purpose / Findings/Conclusion
Sample A priori acceptability
Haugan et Prospective Surgical ward - Explore precision between - No statistically significant differences
al., 2012 correlational and two new TM (right to left ear)  found for left vs right ear for either brand.
agreement ICU - Ward - compare TM to R - Agreement between TM devices; bias
study N =200 (reference) Braun 0.04°C; Genius -0.01°C
406 readings - ICU - compare TM to PAC - Both brands measured consistently lower
per method (reference) temps than R (Braun 0.36°C, p <0.001)
ICU - 252 - Acceptability: difference of Genius 0.85°C, p <0.001)
readings 0.25°C - Authors concluded TM devices are
acceptable
Irvin, 1999 Comparison Medical - Evaluate reliability, validity - Reliability — no sign differences between
study Surgical Ward  and variability of TM nurses.
N=160 compared to O (reference) -Validity — significant difference between
- Acceptability: not defined TM and O F'(1;156)=41.8, p<0.001).
-Wide variability — 58% of O readings were
1°F higher than TM
- TM may not be as accurate as O
Jensen et al.,  Prospective Medical - Determine accuracy of - R, O, AX (electronic), TM to R (mercury)
2000 comparison Surgical electronic thermometry. bias (SD)
design N=200 Compare R, O, AX -0.05°C (0.12); 0.53°C (0.53); 0.62°C (0.49);
7 per subject (electronic) and TM to R 0.54°C (0.41), respectively
(mercury) (reference) - R (electronic) significantly more accurate
- Acceptability: + 0.5°C than TM, O and AX p <0.001, p <0.001, p <
0.001, respectively
- In febrile patients (T > 37.5°C), R more
accurate than TM, O and AX p > 0.001,
p<0.001, p <0.001, respectively
- TM is as inaccurate as O and AX,
especially in febrile patients. Electronic O,
AX, and TM not recommended
Khan et al., Prospective ICU - In post-cardiac surgery - Left TM, Right TM, AX to BL bias 0.65°C
2006 comparison N=49 patients, does TM (right and (95% CI1-0.24, 1.58)
design 629 readings left) and AX correlate with 0.57°C (95% CI-0.48, 1.63)
BL (reference) 0.55°C (95% C1-0.27, 1.36), respectively
- Acceptability: not defined - AX and TM are unreliable for post-cardiac
surgery patients
Kimberger Prospective Neurological - Determine agreement - TAT to BL (normothermic) bias 0.1°C (SD
et al., 2007 comparison operative; between TAT and BL 0.07); > 37.8°C bias 0.4°C (SD 0.7); <35.5°C
design Neuro ICU (reference) bias -0.7°C (SD 1.1)
N=170 - Evaluate TAT sensitivity - TAT sensitivity and specificity for
280 readings and specificity for detecting fever 0.72 and 0.97;
hypothermia (35.5°C) and for hypothermia 0.29 and 0.95.
hyperthermia (37.8 °C) - TAT not recommended for perioperative
- Acceptability: temperature monitoring
LOA <+0.5°C
Langham et Prospective Peri-Op - Evaluate accuracy and - TAT to BL bias 0.23°C (SD 0.50);
al., 2009 comparison N=50 precision of TAT, TM (right proportion within 0.5°C 0.70; LCCC
observational 200 readings and left), O, AX compared to 0.53 (95% C1 0.41, 0.64)
design BL (reference) -Right TM to BL bias -1.04°C (SD 0.51);

- Acceptability: within 0.5°C
of BL and 95% proportion of
measurements within 0.5°C of
BL

proportion 0.13; LCCC 0.34 (95% CI1 0.22,
0.44)

-Left TM to BL bias -1.06°C (SD 0.51);
proportion 0.13; LCCC 0.34 (95% CI1 0.22,
0.44)

- O to BL bias -0.25°C (SD 0.38); proportion
0.81; LCCC 0.79 (95% C10.69, 0.86)

- AX to BL bias -0.50°C (SD 0.42);
proportion 0.61; LCCC 0.64 (95% CI1 0.49,
0.75)

- None fully met acceptability criteria,
however, O, TAT agreed best with BL, 70—
80% all pairs differing by no more than
0.5°C. Accuracy “probably acceptable”;
TM and AX not acceptable for clinical
practice (table continues)
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Sample A priori acceptability
Lawson et Prospective ICU - Determine accuracy (bias) - O to PAC bias 0.09 (SD 0.42°C); 95% CL -
al., 2007 repeated N=060 and precision (SD) of O, TM,  0.75, 0.93; 34 of 180 readings (19%) outside
measures 180 readings TAT and AX compared to 0.5°C
design per site PAC (reference) - TM to PAC bias -0.36°C (SD 0.56°C); 95%
- Acceptability: > +0.5°C CL -1.46, 0.74; 88 of 180 (48%) readings
from PAC and identify outside 0.5°C
number of data points outside - TAT to PAC bias -0.02°C (SD 0.47°C);
range 95% CL -0.92, 0.88; 36 of 180 (20%)
readings outside 0.5°C
- AX to PAC bias 0.23°C (SD 0.44°C); 95%
CL -0.64, 1.12; 49 of 180 (27%) readings
outside 0.5°C
- O and TAT were most accurate and precise.
AX underestimates PAC; TM, least accurate
or precise
Lefrant et Prospective ICU - Compare ES, BL, R; - Bias between PAC and
al., 2003 comparison N=42 IN, AX (both measured with ES 0.11 (SD £ 0.30),
cohort study 529 readings Gallium-in-glass) to PAC R -0.07 (SD + 0.40),
(reference) AX 0.27 (SD £ 0.45),
- Acceptability: not defined IN 0.17 (SD £ 0.48),
BL -0.21 (SD £ 0.20)
- BL and ES can be used as alternatives to
PAC; BL and ES are more reliable than R,
which was better than IN and AX
Leon et al., Prospective ICU - Determine the accuracy of - TM to AX bias 0.006°C, 95% LOA -1.09
2005 comparison N=50 TM compared to AX and 1.102°C
descriptive 429 readings (mercury) (reference) TM strongly correlated with AX (»=0.813,
design - Determine sensitivity and P <.0005)
specificity for different TM sensitivity, specificity, PPV, NPV
temperatures 37°C, 38°C, at 37 °C was 74%, 85%; 81%, 78%
39°C at 38°C was 70%, 95%; 70%, 95% and at
- Acceptability: not defined 39°C was 25%, 99.8%; 50%, 99%
- TM device highly reliable for use in ICU
Marable et Prospective ICU - Determine if TAT (three - TAT (forehead and ear) bias 0.27°F (95%
al., 2009 comparative N=069 techniques — forehead and ear, CI-2.13,2.66); 60.6% of readings were >
design 215 readings forehead only, ear only) or 0.5°F; sensitivity 90.4%
AX are acceptable alternative - TAT (forehead only) bias -0.56°F (95% CI -
to O (reference) 2.65, 1.54); 60.9% of readings were > 0.5°F;
- Evaluate influence of body sensitivity 94.6%
mass index (BMI> 30 or - TAT (ear only) to O: bias -0.26°F (95% CI -
BMI<30) on TAT and AX 2.79, 2.26); 65.6% of readings were > 0.5°F;
results sensitivity 94%
- Acceptability: difference of - AX to O: bias 0.03 (95% CI1-1.97, 2.03);
0.5°F from O and number of 55.4 % of readings were > 0.5°F; sensitivity
readings >0.5°F 89.5%
- TAT lower than O with BMI > 30
compared with BMI <30 (P=.0313 and P =
.0065, respectively)
- TAT not recommended
Mason et al.,  Repeated Oncology - Determine equivalence of - TAT-O difference was 0.14°F,
2015 measures N=33 TAT, AX to O (reference) - AX-O difference was 0.25°F, which
equivalence 40 readings - Acceptability: difference of  exceeded the criterion
design 0.2°F from O - TAT device is acceptable; AX should not
be used or limited use.
McConnell Method Med/Surg - Evaluate intra- and inter- - Intra-rater reliability (two investigators)
et al., 2013 comparison ward rater reliability of TAT to O differences 0.14°F
design N=34 (reference) (£0.43°F) and 0.13°F (+0.4°F)

68 readings

- Determine bias / precision of
TAT to O (reference)

- Acceptability: intra-,
interrater reliability SD
<0.6°F; between devices:

bias < 1.0°F and precision
(SD) < 0.6°F

- Inter-rater reliability difference -0.19°F
(+0.48°F)
- TAT to O bias (two investigators) 0.48°F
(SD 0.88) and 0.47°F (SD 0.57°F)
- TAT is reliable method for temperature
measurement

(table continues)
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Moran et al.,  Prospective ICU - Compare accuracy of TM, - LCCC ™™, BL and AX was 0.77, 0.92,
2007 observational N=110 AX, BL to PAC (reference) 0.83 respectively
cohort study 6,703 readings  Acceptability: not defined - TM to PAC bias 0.36°C (LOA -0.56, 1.28)
- AX to PAC bias 0.30°C (LOA -0.42, 1.01)
- BL to PAC bias -0.05°C (LOA -0.69, 0.59)
- Agreement between TM and PAC was
inferior to BL, which was overall more likely
to reflect PAC
Myny et al., Prospective ICU - Determine accuracy and - TAT to PAC bias 0.14°C (SD 0.51); 95%
2005 descriptive N=57 variability of TAT, AX, C10.04,0.23; p=0.33
comparison 318 readings compared to PAC (reference) - AX to PAC bias: 0.46°C (SD 0.39); 95% CI
design - Acceptability: £0.3°C from 0.39, 0.54; p < 0.001
the PAC; SD 0.3°C to 0.5°C - TAT is acceptably accurate in normo-
thermic patients
Nonose et Prospective ICU - Compare accuracy and - BL, TM, AX to PAC bias 0.02°C (SD 0.21);
al., 2012 observational N=T73 precision of TM, AX to BL -1.03 (SD 1.23); -0.60 (SD 0.53),
comparison 1,793 (reference) and PAC respectively
design (reference) - TM, AX to BL bias 0.51°C (SD 1.02) (95%
- Acceptability: not defined LOA -2,51, 1.48); -0.33 (SD 0.55) (95%
LOA -1.42, 0.75), respectively
- Correlation TM, AX to BL R’ = 0.64; R’ =
0.23, respectively
- BL agreed with PAC; AX agreed more with
BL than TM. AX is acceptable alternative to
BL and PAC
Potter et al., Prospective ICU - For isolation patients, is the - Bias 0.001°C (SD 0.18°C; t 84 =0.34, P =.
2003 descriptive N=285 CH an acceptable alternative 97; 95% CI-0.061, 0.070)
design 170 readings to O (reference) - Correlation was high (»=0.937)
Acceptability: difference from - 25% of all CH were overestimates (11.8%)
00.3°C or underestimates (10.8%) by 0.4 °C
- CH useful as a screening tool; consider
validation with electronic O for abnormal
findings
Prentice & Prospective Geriatric - Evaluate test/retest - O (merc) findings were more consistent
Moreland, comparison chronic care reliability of TM, O (electric)  between times
1999 design N=30 and O (mercury) -
180 readings - Evaluate accuracy of TM, O - O (electric) sensitivity and specificity for
(electric) to O (mercury) fever were 60% (95% CI 17%, 100%) amd
(reference) 84% (95% CI 70%, 98%)
- Evaluate sensitivity and - TM sensitivity and specificity for fever was
specificity of TM, O (electric)  60% (95% CI 17%, 100%) and 92% (95% CI
to detect fever (37.5 °C) 81%, 100%)
Acceptability: not defined - Oral (electric) more accurate and reliable
than TM. Poor sensitivity for detecting fever
Rajee & Prospective ED - Evaluate repeatability of - TM repeatability significant bias for second
Sultana, comparison N=200 ™, CH reading -0.8°C (95% CI1-0.9, 0.7) to 0.5°C
2006 design 1200 readings - Evaluate agreement of CH, (95% CI1 0.5, 0.6)

TM to R (mercury -
reference).

- Evaluate sensitivity and
specificity of TM and CH to
detect fever (=38°C)

- Acceptability: repeatability
+0.3°C; agreement within
+0.5°C

- CH repeatability nonsignificant bias —0.3°C
(95% CI1-0.4,-0.3°C) to 0.4°C (95% C1 0.4,
0.5)

- TM, CH to R (mercury) bias 0°C (95% CI -
0.1,0.1) and

-0.1°C (95% CI -0.1, 0), respectively

- CH can be used interchangeable with TM
and R (mercury)
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Rubia-Rubia  Comparative ICU - Evaluate inter- and intra- - TM - lowest inter-/intra-rater reliability
et al., 2011 descriptive N=201 rater reliability (76% and 85% respectively)
design 3015 readings - Evaluate concordance of (none reported for TAT, CH or AX)
TM, TAT, CH (axillary) AX - Bias from PAC (range)
(gallium) to PAC (reference) TM -0.1°C (-0.7; 0.5); p = 0.003
- Evaluate sensitivity and TAT 1.0°C (-0.4; 2.4); p <0.001
specificity of TM, TAT, CH CH (axillary) 0.2°C (-0.6; 1.0);
(axillary), AX (gallium) for p<0.001
fever (>38.5°C) AX (gallium) 0.4°C (-.04; 1.2);
- Acceptability: +0.2°C p<0.001
- Sensitivity and specificity
TM - 98.3%, 93%
TAT - 81.6%, 88%
CH (axillary) — 96.7%, 91%
AX (gallium) 97.3%, 94%
- AX (gallium) with 12-minute dwell time
was the most accurate and reliable
Shin et al., Prospective ICU Evaluate agreement of BL, R~ Bias to PAC and correlation
2013 observational N=21 to PAC (reference) during Induction phase,
cohort design 1479 readings  three phases of therapeutic BL (—0.24 + 1.30°C; = 0.827)
hypothermia (TH) RE (—0.52 + 1.40°C; r = 0.834)
Acceptability: not defined
Maintenance phase
BL (0.06 £0.79°C; r=0.812)
RE (-0.30 £ 1.16°C; = 0.600)
Rewarming phase:
BL (0.08 £ 0.86°C; r=10.915)
RE (-0.03 £ 1.71°C; r=0.684)
- Bias between BL and PA temperatures is
lower than those in other sites during TH.
Use of R only may result in overcooling.
Singler et al.,  Prospective ED - Evaluate diagnostic - In patients with confirmed infection (n=
2013 quality N=427 accuracy for infection of TM,  105), 22.8%, 35.5% and 43.8% had
measurement 3 readings per  TAT compared to R temperature > 38°C using TM, TAT, and R,
design with patient (reference) respectively.
retrospective - Compare reliability of TM, - TM to R bias 0.54°C (95% LOA -0.14,
analysis TAT compared to R 1.21)
(reference) - TAT to R bias 0.03°C (95% LOA -0.94,
Acceptability: adjudicated 1.01)
final diagnosis of infection by - Diagnostic accuracy (AUC) comparable R
two independent physicians AUC: 0.72 (95% C1 0.65, 0.80) and TM
after review of all clinical AUC: 0.73 (95% CI 0.66, 0.81).
data TAT significantly lower AUC: 0.65 (95% CI
0.57,0.73; P<0.001).
- R and TM have sufficient diagnostic
accuracy;
Smith, 2003 Descriptive Medical - Compare clinical accuracy - Correlation mercury to gallium
correlational Surgical of Gallium-in-glass— O, AX, 0 r=0.929 (p<.001);
design N=120 IN, R to Mercury — O, AX, AXr=0.886 (p <.001);
960 readings IN, R (reference) IN»=0.701 (p <.001);

Acceptability: not defined

Rr=0.927 (p <.001)

- Bias and 95% ClI by site (°F): O 0.20
(0.142; 0.265), AX 0.25 (0.167; 0.339), IN
0.18 (0.037; 0.321), and R 0.06

(-0.111; 0.111).

- Gallium-in-glass is an appropriate
replacement for mercury

(table continues)
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Smitz et al., Prospective Geriatric unit - Evaluate agreement between - Significant positive correlation (95% CI
2000 comparison N=45 TM and R (mercury — 0.52,0.86, P <.01; r=0.78)
sequential 34 sets of reference) - Bias 0.50°C £ 0.37°C (95% C10.41, 0.59)
measures readings - Evaluate validity of TM in - Sensitivity and specificity of TM to detect
detecting R fever (=37.6°C) R fever was 86% and 89%, respectively
- Acceptability: not defined -Acceptable agreement between TM and R
Smitz et al., Prospective Geriatric unit - Evaluate accuracy of TM (2 - Bias TM (Thermoscan)
2009 comparison N=100 different models) to predict R~ 0.20°C (SD 0.32) 95% LOA -0.83, 0.42;
design 800 readings (reference) fever (>37.8°C) fever predictability max error 0.7°C (mean
- Acceptability: not defined error 0.3°C)
- Bias TM (Genius)
-0.56°C (SD 0.39 °C) 95% LOA -1.32, 0.20,
fever predictability max error 1.6°C (mean
error 0.4°C)
- Strong positive correlation TM to R
R=0.91;95% CI10.75, 0.89; p <0.001)
- TM can predict R rectal temperature in
normothermic and in febrile inpatients.
However, the predictive accuracy depends on
both operator technique and quality of
instrumentation.
Spitzer 2008  Prospective ICU - Evaluate agreement between  Bland-Altman data (bias and LOA not
comparison N =066 TM (R ear), TM (L ear) and reported)
design 198 readings O (reference) - Right TM mean 98.7°F (SD 1.4);
- Acceptability: not defined correlation 7 = 0.70; higher in 29%
n=19)
Left TM mean 98.6°F (SD 1.5); correlation
r = 0.44; higher in 44%
(n=29)
Versus O- higher 33% (n =22)
-No significant difference between three
measures (p = .6428)
Stelfox et al.,  Descriptive ICU - Evaluate agreement between - Agreement greatest for normothermia (bias
2010 comparison N=14 TAT and BL (reference). -0.35°C, 95% CI1-0.37, -0.33)
design 736 readings - Determine accuracy - Hypothermia (<36°C) TAT measured
(sensitivity/specificity) of higher temperatures (bias 0.66°C, 95% CI
TAT to detect fever and 0.53,0.79)
hypothermia - Hyperthermia (>38.3°C) TAT measured
- Acceptability: + 0.5°C lower temperatures (bias -0.90°C; 95%
CIL, -0.99, -0.81).
- Sensitivity and specificity for fever 0.26
(95% C10.20, 0.33) and 0.99 (95% CI1 0.98,
0.99), respectively
- TAT should not to be used in situations
where body temperature
needs to be measured with accuracy
Varney et Cross-sectional ~ ED - Evaluate correlation of O, - O, TM to R correlation »= 0.621 and
al., 2002 design N=095 TM measurements to identify = 0.764, respectively

275 readings

R fever (38 °C) in patients
presenting with symptoms of
infection.

- Acceptability: discordance
defined as any R temp over
38°C and 0.5°C over O or TM

- R identified fevers missed by O 14.7%
(n=14) and TM 12.2% (n=11); 5.6%
(n=5) had R fever but were afebrile O and
™

- In 19 episodes of R fever (afebrile O and
TM), 68% (n = 13) required admission

- Identification of fever, in addition to other
clinical signs and symptoms, may be an
important determination in the search for
evidence of infection.
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Winslow et Prospective Peri-Op - Evaluate agreement of TAT - Preoperative TAT to O bias 0.43°C (SD
al., 2012 descriptive N=064 to O — preoperative 0.52; LOA -1.46, 0.61)
447 readings (reference) - Postoperative TAT to BL mean bias
and BL — postoperative -0.76 °C (SD 1.14; LOA -3.04, 1.52)
(reference) to identify - TAT failed to detect any hypothermic (<
hypothermia (<36 °C) 36 °C) temperatures
- Acceptability: LOA =+ - BL hypothermic readings 33 (52%)
0.5°C intraoperative; 27 (42%) postoperative - -
Lack of agreement between TAT and O, BL.
TAT not recommended for the perioperative
population
Wolfson et Method Oncology - Evaluate agreement, in - Bias and precision 0.80°F (SD 1.2)
al., 2013 comparison N=34 febrile patients, between TAT - Number of temperature differences
design 68 readings and O (reference) >+ 1.0°Fn=13 (43%); >+2.0°Fn=>5
- Acceptability: bias + 0.6°F, (17%)
precision between -1.0 °F and - TAT not recommended for febrile patients
+1.0 °F
Woodrow et Quantitative Medical- - Evaluate agreement between - NT to TM (oral equivalent)
al., 2006 comparison Surgical; NT to TM (reference), in oral bias 0.47°C (SD 0.69; 95% CL -0.883, 1.83;
design ICU equivalent and core p<0.001); r=7.038
N=178 equivalent modes - NT to TM (core equivalent)
178 readings -Acceptability: maximum bias -0.59°C (SD 0.75; 95% CL -0.88, 2.08; p

difference of 1.0 °C

<0.001); t=-6.73
- Devices are not comparable; accuracy is
undetermined

Note. LOE = Level of Evidence: 1= systematic review or metanalysis; IV = cohort studies; RN = registered nurse; Peri-Op =
perioperative; ES = esophageal temperature; O = oral temperature; TAT = temporal artery temperature; TM = tympanic membrane
temperature; AX = axillary temperature; R = rectal temperature; CH = chemical/disposable dot thermometers; PAC = pulmonary
artery catheter; BL = bladder temperature; NT = no touch forehead thermometer; IN = inguinal; LCCC = Lin’s concordance

correlation coefficient

The body of evidence was categorized using the Hierarchy of Evidence (see

Figure 1) described by Fineout-Overholt et al. (2010). There was one level I study, a

systematic review (SR), which met the inclusion criteria for this review. The rest of the

included studies were cohort studies, categorized as level IV evidence.

The quality of the research was evaluated using the quality indicators described

by Hooper and Andrews (2006; see Table 1). Of the 46 level IV studies, two were

determined to have a quality grade of A, while there were 20 with a grade of B, and 18

with a grade of C. The lowest quality grade, D, was assessed for five studies, as they

were found to have less than two quality indicators. The quality grade for each article is

specified in Table 5.



Table 5

Quality Indicator Grades

Author/ Year Grade Author/Year Grade
Level I Evidence

Jefferies et al., 2011 A

Level IV Evidence
Amoateng-Adjepong et al., B Lefrant et al., 2003 D
1999
Barringer et al., 2011 C Leon et al., 2005 B
Bodkin et al., 2014 C Marable et al., 2009 B
Calonder et al., 2010 B Mason et al., 2015 C
Counts et al., 2014 B McConnell et al., 2013 B
Duncan et al., 2008 C Moran et al., 2007 B
Dunleavy, 2008 D Myny et al., 2005 B
Fallis, et al., 2006 B Nonose et al., 2012 C
Farnell et al., 2005 C Potter et al., 2003 C
Fetzer et al., 2008 C Prentice & Moreland, 1999 C
Fountain et al., 2008 C Rajee & Sultana, 2006 C
Frommelt et al., 2008 C Rubia-Rubia et al., 2011 B
Gilbert et al., 2002 B Shin et al., 2013 C
Giuliano et al., 1999 A Singler et al., 2013 B
Giuliano et al., 2000 B Smith, 2003 B
Hasper et al., 2011 D Smitz et al., 2000 C
Haugan et al., 2012 B Smitz et al., 2009 C
Irvin, 1999 C Spitzer 2008 D
Jensen et al., 2000 B Stelfox et al., 2010 B
Khan et al., 2006 D Varney et al, 2002 C
Kimberger B Winslow et al., 2012 B
et al., 2007
Langham et al., 2009 C Wolfson et al., 2013 B
Lawson et al., 2007 A Woodrow et al., 2006 C

41
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Level I Evidence: Systematic Review

Jefferies, Weatherall, Young, and Beasley (2011) conducted a SR to evaluate the
accuracy of peripheral thermometers in the detection of fever (> 37.5°C) in critically ill
patients. While only three studies met the inclusion criteria, data were evaluated on the
seven TM thermometers (including different brands and models), O (digital), and R
(digital). Five of the TM thermometers and the O thermometer were within +0.2°C of the
PAC. The bias of the R to PAC was outside the acceptable criterion. The authors
concluded that the TM and O devices provided accurate temperature readings on febrile
patients; the R device was not recommended (Jefferies, Weatherall, Young, & Beasley,
2011).
Level IV Evidence: Cohort Studies

Tympanic membrane (TM) thermometer. The TM thermometer is one of the
earliest noninvasive devices to be developed and used in hospitalized patients (Gallimore,
2004). The ease of use, rapidity of results, and noninvasive nature of the TM device
created an opportunity for the rapid diffusion of this technology into patient care
(Gallimore, 2004; Manian & Griesenauer, 1998). TM readings can be affected by
ambient temperature, operator technique, a narrow ear canal, and can vary from side to
side (Sund-Levander & Grodzinsky, 2013). Ear wax and otitis media may affect TM
readings though there is conflicting data on both of these variables (Sund-Levander &
Grodzinsky, 2013). Although there have been significant advances in technology, the

evidence on the accuracy and reliability of this device continues to be inconsistent.



43

There were 27 studies which included an evaluation of the TM thermometer
included in this review. There were 17 studies in which had findings indicated that the
TM thermometer was clinically unacceptable for use. Alternatively, the findings from 10
others studies led the authors to conclude that the TM thermometer is clinically
acceptable for use in hospitalized adult patients. Eight studies addressed diagnostic
accuracy and those results are described separately.

Clinically unacceptable. In the ICU or in the perioperative environment, most
authors using the PAC (Farnell et al., 2005; Giuliano et al., 1999; Giuliano et al., 2000;
Lawson et al., 2007; Moran et al., 2007; Nonose et al., 2012) or BL (Dunleavy, 2010;
Khan, Vohra, Paul, Rosin, & Patel, 2006; Langham et al., 2009; Nonose et al., 2012) as
the reference temperatures, concluded that the TM device had unacceptably wide
variability and did not recommend the device for use. Clinically acceptable differences
(from the reference standard) ranged from + 0.2°C to £ 0.5°C or = 0.2°F to + 0.5°F.
Farnell et al. (2005), using an expert panel, defined clinical acceptability by determining
if the inaccuracy would result in a delay in care or unnecessary interventions. A priori
clinically acceptable differences were not established in all studies (Dunleavy, 2010;
Khan et al., 2006; Moran et al., 2007; Nonose et al., 2012).

Most of the studies using the PAC as the reference temperature scored high (A or
B) on the quality of the research (Giuliano et al., 1999; Giuliano et al., 2000; Lawson et
al., 2007; Moran et al., 2007; Rubia-Rubia et al., 2011). The studies by Farnell et al.
(2005), Langham et al. (2009), and Nonose et al. (2012) had three to four quality

indicators and received a quality grade of C. The research by Dunleavy (2008) and Khan
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et al. (2006) were evaluated and found to have less than two quality indicators and
received a grade of D.

Outside of the ICU or the perioperative environments, researchers used alternative
reference sites including the O (digital or mercury; Dunleavy, 2010; Fountain et al., 2008;
Frommelt et al., 2008; Gilbert et al., 2002; Irvin, 1999; Prentice & Moreland, 1999). The
R (digital or mercury) was also used the reference temperature by Jensen et al. (2000) and
Varney et al. (2002). In these studies, half of the authors identified clinically acceptable
differences which ranged from + 0.3°C to + 0.5°C. Four groups failed to specify clinically
acceptable differences (Dunleavy, 2010; Fountain et al., 2008; Frommelt et al., 2008;
Irvin, 1999). Of the eight studies using the O or R as the reference temperature, two had
a quality grade of B (Gilbert et al., 2002; Jensen et al., 2000). Five of these studies
received a quality grade of C (Fountain et al., 2008; Frommelt et al., 2008; Irvin, 1999;
Prentice & Moreland, 1999; Varney et al., 2002).

Clinically acceptable. There were 10 studies in which the findings indicated that
the TM thermometer was accurate and was acceptable as an alternative temperature
device. Three studies used the PAC as the reference temperature (Amatoeng et al., 1999;
Haugan et al., 2012; Rubia-Rubia et al., 2011) and one used the ES as a reference
temperature (Hasper et al., 2011). Haugan et al. (2012) also used R as the reference
temperature as well as Rajee and Sultana (2006), Singler et al. (2013), Smitz, Giagoultsis,
Dewe, and Albert (2000), and Smitz, Van de Winckel, and Smitz (2008). Spitzer (2008)
used the O thermometer as the reference while Leon et al. (2005) used the AX (mercury)

for the reference temperature. Clinically acceptable parameters, described in four studies,
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ranged from + 0.5°F and + 0.2°C to + 0.5°C (Amatoeng et al., 1999; Haugan et al., 2012;

Rajee & Sultana, 2006; Rubia-Rubia et al., 2011).

When considering the quality grade for this group of studies, five had enough
quality indicators to be graded a B, although there was variation in the indicators scored
(Amatoeng et al., 1999; Haugan et al., 2012; Leon et al., 2005; Rubio-Rubio et al., 2011;
Singler et al., 2013). There were three with a quality grade of C (Smitz et al., 2000; Smitz
et al., 2008; Rajee & Sultana, 2006). The studies by Hasper et al. (2011) and Singler et al.
(2013) had less than two quality indicators and received a grade of D.

Diagnostic Accuracy

In addition to the evaluation of the TM thermometer for accuracy and reliability,
one SR and eight cohort studies included an evaluation of the diagnostic accuracy of the
TM device to detect fever (Jefferies et al., 2011; Leon et al., 2005; Prentice & Moreland,
1999; Rajee & Sultana, 2006; Rubia-Rubia et al., 2011; Singler et al., 2013; Smitz et al.,
2000; Smitz et al., 2009; Varney et al., 2002). Fever was defined in seven studies and
ranged from 37.5°C to 39°C. Singler et al. (2013) used an adjudicated diagnosis of
infection, determined by a panel of two independent physicians.

Unacceptable diagnostic accuracy. The TM thermometer was found to have a
low diagnostic accuracy for fever in five of the eight studies. In the SR, Jefferies et al.
(2011) determined that two of seven TM thermometers did not meet accuracy criteria.
When sensitivity to predict fever was evaluated, the values ranged from 51% to 73%
(Leon et al., 2005; Prentice & Moreland, 1999; Rajee & Sultana, 2006). When evaluating

the diagnostic accuracy for infection, Singler et al. (2013) found the TM area under the
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curve (AUC) to be 0.73 (95% CI 0.66-0.81). Out of those patients with the adjudicated

diagnosis of infection (n = 105), 22.8% had TM fevers >38.°C whereas R fever was
present in 43%. Varney et al. (2002), using R temperature as the reference, found 12.2%
(n=11) with R fever that were afebrile using the TM. Of 19 occurrences of R fever that
were afebrile by other routes (O and TM), 68% (n = 13) required admission.

Acceptable diagnostic accuracy. There were findings from three studies which
concluded that the TM could provide acceptable diagnostic accuracy for fever. In their
SR, Jefteries et al. (2011) found that five of seven TM thermometers were accurate for
diagnosing fever. Rubia-Rubia et al. (2011) found the sensitivity of the TM for fever
(PAC fever range 38.5°C to 38.9°C) was 0.987 + 0.007. In 2000, Smitz et al. concluded
sensitivity of the TM thermometer, compared to R (mercury) was 86%. In a later study,
Smitz et al. (2009) evaluated the ability of two different TM thermometers to predict R
fever. While both models had comparable sensitivities (94%), the maximal errors (0.7°C
and 1.6°C) were pointedly different. Therefore, the predictive accuracy of the TM
thermometer was dependent upon operator technique and the quality of the equipment
(Smitz et al., 2009).

Disposable Chemical Thermometers. Another alternative for temperature
assessment in the adult hospitalized patient is the disposable chemical (CH) dot
thermometer (such as TempaDot ™ or NexTemp™). Often considered a device used for
patients in isolation, there is a growing body of literature evaluating the accuracy and
reliability of the CH thermometer in other clinical areas. The CH thermometer has a

series of dots on the strip which change from white (or green) to black when exposed to
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heat (mouth or axilla); each black dot represents an incremental change in temperature
(Potter, Schallom, Davis, Sona, & McSweeny, 2003). The assessed temperature is
determined by reading the corresponding temperature of the last black dot. Reading
accuracy for the CH thermometers has been the most significant issue identified (Creagh-
Brown, James, & Jackson, 2005; Frommelt, Ott, & Hays, 2008; Potter et al., 2003). In a
study on reading accuracy, Creagh-Brown, James, and Jackson (2005) reported that of 78
nurses, only 23% gave the correct temperature reading.

There were eight papers comparing the CH thermometer to various reference
temperatures in this review. As with other devices, the findings for use of the CH
thermometer are mixed. Limited use or cautionary use was a recommendation from half
of these papers, so their findings are delineated separately.

Clinically unacceptable. The findings from two studies did not support the use of
CH thermometer in adult, acute care patients. Counts et al. (2014), and Fallis et al. (2006)
each compared the CH to the O thermometer. Clinically acceptable differences of + 0.3°C
were defined by both groups. In addition to reporting mean differences, Counts et al.
reported 21% (n = 10) differences >+ 0.5°C and 13% (n = 6) differences > + 1.0°C. Fallis
et al. found that 91% of CH readings either overestimated (81%) or underestimated
(10%) the O temperature. Additionally, Fallis et al. reported 65 instances where the CH
thermometers failed to demonstrate any color change. The quality of both studies were
evaluated using the quality indicators described by Hooper and Andrews (2006). Both

studies had sufficient quality indicators to receive a grade of B.
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Clinically acceptable. In this review, findings from two of eight studies
demonstrated that the CH thermometer was an acceptable thermometer for use in adult
hospitalized patients. Clinical acceptability was defined as +0.2°C by Rubia-Rubia et al.
(2011); Rajee and Sultana (2006) did not define this parameter. Rubia-Rubia et al. used
the CH thermometer in the axilla and found a narrow mean difference of 0.2°C with the
PAC temperature. Rajee and Sultana using the R (mercury) as the reference site, found a
nonsignificant bias for both agreement and repeatability between the R and CH
thermometers. When evaluating the studies for quality indicators, Rubia-Rubia et al. had
a quality grade of B, while Rajee and Sultana had a quality grade of C.

Cautionary or limited use. Authors of four additional studies concluded that the
CH thermometer should be used with caution or have limited use (Farnell et al., 2005
Fountain et al., 2008; Frommelt et al., 2008; Potter et al., 2003). Clinically acceptable
differences were described by Farnell et al. (2005) and defined by Potter et al. (2003) to
be + 0.3°C. Farnell et al. compared the PAC to axillary CH thermometers. Although the
mean difference from the PAC was 0.2°C, they also reported a large percentage of
readings, 88.6%, that overestimated or underestimated the PAC. Farnell et al. added that,
based on the measured CH temperatures, 70 patients would have had delayed
interventions (15.3%) or would have received unnecessary interventions (28.8%).

Fountain et al. (2008), Frommelt et al. (2008), and Potter et al. (2003) used the O
(digital or mercury) as the reference temperature. These authors identified either a narrow
bias (Fountain et al., 2008; Frommelt et al., 2008) or a strong correlation (Potter et al.,

2003) in the evaluation of the CH thermometer. However, each group also reported a
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number of measurements that differed by more than 1.0°F. Fountain et al. noted that 30%
(n = 18) differed from the O temperature by 1.0 °F and 3% (n = 2) differed by 2.0 °F.
Frommelt et al. reported 2% (n = 2) measured > 2.0°F. Lastly, Potter et al. noted that 25%
of the CH temperatures measured either overestimated (11.8%) or underestimated
(10.8%) body temperature by 0.4°C or more. The authors of these four studies concluded
that there were sufficient readings which were > 1.0° (F or C) to cause concern for use in
the clinical environment. The CH thermometer should be used for screening and
abnormal findings should be validated with a more accurate thermometer. All four
studies in this group received a quality grade of C.

Temporal Artery Thermometer (TAT). The TAT device, marketed for its rapid
results and noninvasiveness, was developed for patient care in 1999 (Healthcare
Improvement Scotland, 2012; Ostrowsky et al., 2003). According to Sund-Levander and
Grodzinsky (2013), the TAT provides an indirect measure of patient temperature and can
be influenced by operator technique, skin thickness, local blood flow, and ambient
temperature. There were 19 studies included in this review that evaluated the TAT
against various reference temperature sites. As with other clinical thermometers, the
findings are inconsistent. Five studies addressed the diagnostic accuracy of the TAT and
these results are described separately.

Clinically unacceptable. Findings from 13 studies comparing the TAT to a
variety of reference temperatures, did not support the use of this device. Four studies
were conducted using PAC or BL as the reference temperature (Kimberger et al., 2007;

Rubia-Rubia et al., 2011; Stelfox et al., 2010; Winslow et al., 2012). Rubia-Rubia et al.
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(2011) found the TAT device had the lowest overall valuation score and the poorest
validity. In their comparison studies Kimberger et al. (2007), Stelfox et al. (2010), and
Winslow et al. (2012) found the TAT to lack agreement, particularly at the hypo- and
hyperthermic ranges. In perioperative patients, Winslow et al. found the TAT did not
register any hypothermic (<96.8 °F) temperatures. In contrast, 52% (n = 33) of the BL
readings indicated intra-operative hypothermia and 52% (n = 42) were hypothermic in the
post-anesthesia care unit. All of these studies earned a quality grade of B.

When using O as the reference temperature, authors from seven studies concluded
the TAT was not an acceptable alternative for clinical (Bodkin et al., 2104; Counts et al.,
2014; Fountain et al., 2008; Frommelt et al., 2008; Marable et al., 2009; Winslow et al.,
2012; Wolfson et al., 2013). Clinically acceptable differences were defined in five studies
and ranged from =+ 0.3°C to £ 0.5°C and + 0.5°F to + 0.6°F. As previously stated, neither
Fountain et al. (2008) and Frommelt et al. (2008) defined clinically acceptable criteria.

Additional findings of interest, Fountain et al. (2008) found significant
temperature differences of > 1.0°F in 43% (n = 26) and >2.0°F in 8% (n = 5) while
Frommelt et al. (2008) noted differences of > 2.0°F in 6% (n = 5). Only one study
(Marable et al., 2009) described the evaluation of the TAT device using three different
methods (forehead to ear; forehead only; behind the ear only). The authors found that two
of the three methods exceeded their pre-defined clinically acceptable differences.
Marable et al. (2009) also studied the influence body mass index (BMI; < 30 or > 30)
might have on TAT readings and found that TAT readings were lower than O in obese

patients (BMI > 30; p = 0.313).
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The quality indicators and grade described by Hooper and Andrews (2006) were

used to evaluate these studies. When considering the quality of these studies, four were
determined to have a quality grade of B (Counts et al., 2014; Marable et al., 2009;
Winslow et al., 2012; Wolfson et al., 2013). The research by Bodkin et al. (2014),
Fountain et al. (2008), and Frommelt et al. (2008) received a quality grade of C.

One group of authors compared the TAT device to the TM as the reference site
(Fetzer et al., 2008). The authors found that, although the mean was within the clinically
acceptable range, the confidence intervals were significantly wider than a priori criterion.
Fetzer et al. (2008) also reported a moderate correlation (» = .421; p = .000), but a low
coefficient of determination (17.7%). The quality grade assigned to the research done by
Fetzer et al. was a C.

Clinically acceptable. The results of seven studies supported the use of the TAT
thermometer in hospitalized adults. When compared to the PAC, Lawson et al. (2007)
and Myny et al. (2005) had comparable findings with the TAT of -0.02 °C and 0.14 °C,
respectively. Calonder et al. (2010) found a statistically significant difference between
the TAT and ES; however, the differences did not meet the clinically significant
threshold. Langham et al. (2009), using the BL thermometer as the reference, determined
that the TAT device, while not meeting their whole criteria for acceptability, performed
well enough for use in the perioperative patient. Clinically acceptable criteria were
defined in all four studies and ranged from + 0.3°C to £ 0.5°C. In evaluating the quality of

the research, one study earned an A (Lawson et al., 2007), while the two earned a quality



52
grade of B (Calonder et al., 2010; Myny et al., 2005); Langham et al., received a quality

grade of C.

Three comparison studies of the TAT used the O temperature as the reference site
(Barringer et al., 2011; Mason et al., 2015; McConnell et al., 2013). In pre- and
postoperative patients Barringer et al. (2011) found adequate agreement between the TAT
and O temperatures; however, they did not define the criterion for clinical acceptability.
Mason et al. (2015) and McConnell et al. (2013) defined clinically acceptable differences
to be 0.2°F and <1.0°F, respectively. McConnell et al. also evaluated the intrarater
reliability and found the mean differences between investigators was within acceptable
standards. With regards to the quality of the research, the study by McConnell et al. was
evaluated as a B, while Barringer et al. and Mason et al. earned a grade of C.

Diagnostic Accuracy

The diagnostic accuracy of the TAT thermometer was evaluated in five studies.
One group used the PAC as the reference site (Rubia-Rubia et al. 2011) while two others
used the BL (Kimberger et al. 2007; Stelfox et al., 2010). Lastly, the O (digital) and R
(digital) were used as reference sites by Bodkin et al. (2014) and Singler et al. (2013),
respectively. The conclusion reached by all groups was that the TAT thermometer had
significant limitations in detecting hypo- or hyperthermia. Rubia-Rubia et al. (2011)
found that the TAT had the lowest AUC, specificity and positive predictive value (PPV)
for PAC fever of 38.5°C (0.853; 83%; PPV 47%). Concerning to the ability of the TAT to
detect fever (BL >37.8 °C), Kimberger et al. (2007) found a sensitivity and specificity of

0.72 and 0.97, respectively. The sensitivity of the TAT to detect fever was found to be
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much lower (0.26) by Stelfox et al. (2010). In their study, Bodkin et al. found the mean

difference in afebrile patients was 0.12°C while the mean difference in the febrile group
was much greater (0.87°C). Additionally, 57% of the fevers recorded by the O device,
were not measured by the TAT (Bodkin et al., 2014).

The accuracy of a thermometer to detect hypothermia is also an important
consideration, particularly for the perioperative environment. Kimberger et al. (2007) and
Stelfox et al. (2010) used the BL for comparison. Kimberger et al. reported the TAT
sensitivity, specificity, and PPV for hypothermia (BL <35.5 °C) was 0.29, 0.95, and 0.31.
Stelfox et al. found that TAT recorded higher temperatures (mean 0.66°C) at hypothermic
ranges (<36°C). Finally, Singler et al. (2013) evaluated the accuracy of the TAT in
predicting infection (determined by the AUC). The authors used the R thermometer as the
reference site and found the diagnostic accuracy for the TAT was significantly lower
(AUC 0.65[95% C1 0.57-0.73] p < 0.001).

No-Touch (NT) Infrared Forehead Thermometers. The employment of NT
thermometers has grown as a public health tool to screen large numbers of patients for
fever, as seen with the recent Ebola virus epidemic and the 2003 severe acute respiratory
syndrome epidemic (Liu, R. Chang, & W. Chang, 2004). Along with the public health
use, the rapid results and non-contact nature of the NT thermometers have found favor in
acute care hospitals. Although the NT devices are widely used, there is a paucity of data
on the accuracy and reliability of these devices. Only two studies (Duncan, Bell, Chu, &
Greenslade, 2008; Woodrow et al., 2006) on NT thermometers met the inclusion criteria

for this review.
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Clinically unacceptable. Neither group of researchers found the device valid for
use in acutely ill hospitalized adults. Duncan, Bell, Chu, and Greenslade (2008)
compared the NT to O temperature in ED and BL temperature in the ICU while
Woodrow et al. (2006) used the TM as the reference thermometer. Clinically acceptable
differences were established in both studies (0.3°C and 1.0°C, respectively). Duncan et al.
found the NT device to be reliable (between NT readings, » = 0.94). However, agreement
with the O and BL was poor. Woodrow et al. found the agreement between the NT and
TM to be acceptable. However, the analysis demonstrated a number of temperature
differences over 1.0°C, TAT to TM oral mode (24.7%; n = 26) and TAT to TM core
mode (43.8%; n = 32). Additionally, the #-test for both comparison groups (TAT to TM
oral and TAT to TM core) were statistically and significantly greater (¢ = 7.038; p <
0.001 and ¢ =-6.736; p <0.001).

Both of the studies in this category had four of nine quality indicators and
received a quality grade of C. Duncan et al. (2008) provided information on temperature
measurement techniques while Woodrow et al. (2006) provided information on data
collector training. Otherwise, the quality indicators were the same in both studies.

Axillary (AX) Thermometry. As with other devices and routes, the AX site is
favored for its noninvasiveness and accessibility. However, the accuracy and reliability of
routine temperatures assessed via the axilla remain a debatable topic. According to Sund-
Levander and Grodzinsky (2013), the axillary site can be affected by ambient
temperature, local blood supply, sweat, placement of the probe and dwell time. Further,

temperatures can vary by as much as 1.4°C between the right and left axilla (Sund-
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Levander & Grodzinsky, 2013). Lastly, axillary temperatures lag significantly far behind

other sites, especially during rapid temperature change (Sund-Levander & Grodzinsky,
2013).

Clinically unacceptable. Of the 13 studies which included a comparison to
axillary temperature, 10 concluded that axillary temperatures should not be used as a
source for routine temperature assessment. When compared to PAC (Lawson et al., 2007;
LeFrant et al., 2003; Moran et al, 2007; Myny, De Waele, Defloor, Blot, & Colardyn,
2005), BL (Langham et al., 2009; Khan et al., 2006; Moran et al., 2007), O (Barringer et
al., 2011; Marable et al., 2009; Mason et al., 2015), and R (mercury; Jensen et al., 2000),
axillary temperatures were not recommended as a source for temperature assessment.
Clinically acceptable differences were described by six groups and ranged from 0.3°C to
0.5°C and 0.2°F to 0.5°F. Lefrant et al. (2003), Moran et al. (2007), Khan et al. (2006) and
Barringer et al. (2011) did not report clinically acceptable differences in their studies.

The quality of research in this group was variable. Only one study (Lawson et al.,
2007) was found to have all nine quality indicators and received a quality grade of A.
Four studies (Jensen et al., 2000; Marable et al., 2009; Moran et al., 2007; Myny et al.,
2005) were found to have five to seven quality indicators and earned a quality grade of B.
A quality grade of C was given to studies by Barringer et al. (2011), Langham et al.
(2009), and Mason et al. (2015). There were two studies (Khan et al., 2006; Lefrant et al.,
2003) that received a quality grade of D, as each study had only one or two quality

indicators.
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Clinically acceptable. Three studies included in this review had findings which
supported the use of the axillary thermometry as an acceptable alternative for temperature
assessment. Nonose et al. (2012) compared AX to BL and PAC reference temperatures
while Rubia-Rubia et al. (2011) used the PAC alone. Smith (2003) compared the gallium-
in-glass to R (mercury). Only Rubia-Rubia et al. specified a pre-defined clinically
acceptable range of 0.2°C.

Nonose et al. (2012) determined that the AX was an acceptable alternative for
temperature assessment AX as it had a better correlation (» = 0.64;) and narrower limits
of agreement with the BL than the TM. Smith (2003) determined the AX (gallium-in-
glass) was acceptable based on correlation (» = 0.886) and mean difference (0.25; 0.167;
0.339). Rubia-Rubia et al. (2011) evaluated accuracy, reliability and validity of the AX
along with other variables (ease of use, cost, speed, durability of the instrument, and
patient comfort). Based on the valuation score, the authors concluded that the gallium-in-
glass AX route demonstrated the strongest results. Of note, the authors noted the required
dwell time for this device was 12 minutes, a significant limitation given the time
constraints for nurses.

The quality of the studies by these three groups was also variable. The studies by
Rubia-Rubia et al. (2011) and Smith (2003) were evaluated for the quality indicators, and
a quality grade of B was assessed. The research by Nonose et al. (2012) had a quality

grade of C.
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Unanticipated Limitations

There were several unanticipated limitations in this IR which may impact the
findings. First, because the DNP project was designed as an IR of the literature, no actual
research or comparison of thermometers was conducted. The findings from the IR are the
result of conclusions drawn by the authors of the research. Another limitation of this IR
review is that this author was unable to access the most recently completed studies.
Therefore, the most recent findings analyzed were at least 2 years old (time from
completing a project to publication). Finally, new advances in clinical thermometers
occur rapidly, and I was unable to evaluate the accuracy of the most recent technologies.
Implication of the Findings

The implication of the findings from this IR can be viewed from the perspective
of the individual (nurses and patients), the community, the institution and the system. In
2001, the Institute of Medicine (IOM) described a health care system that was unable to
provide quality healthcare in the face of rapid technological and medical advances. The
IOM (2001) recommended that “patients should receive care based on the best available
scientific knowledge...care should not vary from clinician to clinician” (p. 8). The
statement from the IOM is consistent with some of the challenges associated with
advances in thermometer technology.

Nurses and assistant nursing staff are the health care providers directly
responsible for the assessment of vital signs, including temperature. Patients are the
recipients of our nursing care, and their outcomes can be directly related to the accuracy

or inaccuracy of the assessed temperatures. The findings from the IR can serve as a
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resource for nursing personnel, providing a synthesis of the body of evidence related to
thermometers. Nurses can use the recommendations from the IR to guide their practice.

The implications of the findings from the IR as it relates to the community are
broader, but also important to consider. The community in this context was the patients,
families, and area served by the hospital. As nurses and nurse leaders utilize the IR as a
resource to help nurses obtain more accurate temperatures, the quality of the patient care
is improved. Improving the quality and safety of patient care and patient outcomes leads
to strengthened patient and family engagement (Agency for Healthcare Research and
Quality, 2013). Stronger patient engagement leads to improved patient satisfaction, which
increases patient loyalty and the reputation of the community (Hall, 2008).

The findings and recommendations from the IR may also impact the hospital and
hospital system. According to the IOM (2001) report “a health care system frequently
falls short in its ability to translate knowledge into practice, and apply new technology
safely and appropriately” (pp. 2—-3). The knowledge-to-practice gap which drove the need
for the IR was the inability of nurses to specify the evidence to support their practice
related to in temperature assessment. Inaccurate devices or those that rely on particular
technique or training can result in faulty low or high patient temperatures. The IR
provides a synthesis of the current body of evidence on clinical thermometers and can
serve as a resource to nursing leaders and system leaders as they consider current
practice. Additionally, the IR would be an excellent resource for the healthcare system in
considering the purchase of new or alternative thermometers. Lastly, implementation of

the recommendations from the IR may improve the accuracy of temperature assessment
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which is directly tied to the system-wide priority for early sepsis identification. Early
sepsis identification has been demonstrated to decrease health care costs and morbidity
and mortality (Dellinger et al., 2012; Hall et al., 2011).
Implication for Positive Social Change

Closing the knowledge-practice gap of temperature assessment devices, their
accuracy, and reliability has significant implications for changing the culture of nursing
practice. Safe, quality patient care is a fundamental tenet in healthcare, as is our mandate
to sustain these processes while striving to mitigate increasing healthcare costs. Without
the appropriate use of EBP in the area of temperature assessment, devices are often
chosen for the novelty, the convenience or the noninvasive nature of the device (Manian
& Griesenaur, 1998). Many nurses assume a device is accurate and reliable just because it
is adopted by an organization (Ostrowsky et al., 2003). It is critical to have knowledge of
the devices used in an organization or on one’s patient population to ensure high quality
and safe patient care. Often it is the nursing staff of healthcare organizations that raise
safety concerns about a device and are change agents and advocates for their patients
(Bahr et al., 2010; Dunleavy, 2010; Ostrowsky et al., 2003).

Recommendations

The use of clinical thermometers has been considered a routine procedure with
little potential for error. However, there are many factors which can impact the accuracy
of temperature assessment including the thermometer specifications, operator technique,

and patient characteristics (Davie & Amoore, 2010). The wide variety of clinical
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thermometers currently available, each with different specifications, has increased the
complexity of the issues related to temperature accuracy.

The review of the literature did not reveal a clinical thermometer with better
accuracy and reliability than any other. There were contradictory findings for all of the
clinical thermometers evaluated, except the NT thermometer. The quality of this body of
research was limited, with 22 of 47 studies having an acceptable quality grade of A or B.
Given the lack of evidence supporting any one thermometer, the recommendations will
address each device specifically. Finally, additional suggestions are presented for
improving the accuracy of clinical thermometers already in use.

Tympanic Membrane (TM) Thermometers

There was one systematic review on the TM thermometer, the strongest level of
evidence, which concluded that the device was clinically accurate (Jefferies et al., 2011).
It is important to note that the accuracy was specified to different TM models.
Descriptions of differences by model was also consistent with other researchers (Giuliano
et al., 2000; Haugan et al., 2012; Smitz et al., 2009).

Another factor associated with the variability and accuracy of the TM
thermometer is technique. In both studies by Giuliano et al. (1999, 2000), they included a
discussion about the challenges of training and technique with the TM thermometer.
Amoeteng et al. (1999) unexpectedly found that the accuracy of the TM temperatures was
lower with staff that used the device routinely. Gilbert et al. (2002) observed staff taking

TM temperatures by reaching over the patient to the opposite ear (9.44%).
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For organizations where the TM thermometer is currently in use, ensure adequate
initial training and consider annual revalidation of this skill. Appropriate technique is also
critical and should be emphasized for nurses and nursing personnel using the TM
thermometer routinely. The recommendation for organization leaders considering the
purchase of the TM thermometer should consider evidence which specifies a superior
model.

Disposable Chemical (CH) Thermometers

While CH thermometers are favored for their convenience, portability, and ease
of use, they should be limited to use in specific circumstances (such as isolation).
Reading accuracy was identified as a potential limiting factor with this thermometer
(Creagh-Brown et al., 2005; Frommelt, Ott, & Hays, 2008; Potter et al., 2003). Although
most of the authors found the CH thermometer to be clinically accurate, they also
reported a significant number of CH measurements that differed by more than 0.5°C (F).
These findings create concern for the routine use the CH thermometer. When the
patient’s condition requires the use of this thermometer, any abnormal temperatures
should be validated by another, more reliable, thermometer.

Temporal Artery Thermometer (TAT)

Most of the data support the conclusion that the TAT is accurate in the
normothermic range, but is less accurate in the hypo- and hyperthermic ranges. A
significant limitation when the screening for fever or hypothermia in perioperative
patients. The accuracy of the TAT device may also rely on appropriate technique;

however, only one study (Marable et al., 2009) evaluated this variable. Given the
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concerning results of this device in measuring temperatures outside of anything clinically
normal, the TAT thermometer may not be accurate enough for use in acutely ill adults.
No-Touch (NT) (Infrared) Forehead Thermometers

There were limited data on the accuracy and reliability of these devices. There
were only two studies which met the inclusion criteria for this review and neither found
the device to be accurate enough for clinical use. More research is needed on the NT
thermometer before use in acutely ill adults can be recommended.

Axillary (AX) Thermometry

The AX site as a source for routine clinical temperature assessment in adult
hospitalized patients were not recommended. Only three of 13 studies determined the AX
site to be acceptable. Two were specific to the gallium-in-glass thermometer, which is not
as widely use as the digital thermometer. The recommendation by Rubia-Rubia et al.
(2011) to use the gallium-in-glass with a 12-minute dwell time is unrealistic for clinical
nurses today.

When clinical situations preclude the use of an oral thermometer, such as with
combative or confused patients, clinicians may consider the AX site as a safe alternative.
However, the data on the use of AX thermometry do not support the use of this site for
clinical use. Instead, an alternative noninvasive thermometer should be used (Sund-
Levander & Grodzinsky, 2013).

Additional considerations. Although the conclusions from this review did not
pinpoint a clearly superior clinical thermometer, there are some basic factors which can

help improve the clinical accuracy of thermometers already in use. The first is the
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importance of correct anatomical placement. Anatomical placement for many
temperature sites is based on proximity to arterial flow, allowing the opportunity to
evaluate changes in blood temperature (Sund-Levander & Grodzinsky, 2013). Therefore,
even if thermometers with validated accuracy are not placed appropriately, this can result
in anomalous readings.

The second basic factor to improve the accuracy of clinical thermometers is
appropriate training and technique. The importance of appropriate training and technique
when using clinical thermometers cannot be overstated. The accuracy of TM and TAT
thermometers has been described as technique dependent (Amoeteng et al., 1999; Bahr et
al., 2010; Gilbert et al., 2002; Ostrowsky et al., 2003).

An anecdotal experience by I had highlights the issues of new thermometers,
training and technique. During a medical appointment, a nursing assistant obtained vital
signs including a temperature. The device he used was a noncontact infrared thermometer
and which he aimed it at the carotid artery. When asked about this new thermometer and
technique (aiming at the carotid artery), the nursing assistant relayed that the
thermometers were new, sent out for use only recently. No training or user manuals were
available, as the device was “self-explanatory.” Given my interest in the topic, a picture
of the device was obtained with the goal of adding to my knowledge and to the EBP
project.

After several internet searches, I verified that the device was a NT temporal artery
thermometer. The company representative provided the user manual, which specified that

the correct technique was to aim the thermometer at the forehead. The representative also



64

specified that temperature accuracy could not be guaranteed if the device was not used to

its specifications.

Strength and Limitations of the Project

Strengths

There are several strengths that can be identified with this project. First, the topic
was tied directly to an organizational priority for early sepsis identification at the former
practicum site. Because this was a system-wide priority, the project also had the support
of chief nursing officers and nursing leaders within the organization. Additionally, the
inclusion of the EBP model adopted by the organization, the lowa model, supported the
identification of both a practice- and knowledge-focused problem. The integrative review
also fits well with the lowa model, as meets the need for the analysis and synthesis of
current literature in provide an opportunity make an informed decision. Finally, I would
describe my own interest in the project topic as a strength and a limitation. My personal
interest in the topic is a strength because I have been using the available research to help
guide practice with new ICU nurses and in the critical care environment.
Limitations

My personal knowledge and interest in the topic of clinical thermometry is also a
limitation. My experience and personal bias related to different devices might have led to
bias in this review. Another limitation is that the IR was limited to the body of literature
specific to adult hospitalized patients, so the findings may not be translated to other

populations.
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Recommendations for Future Research

Given that this IR review was specific to adult hospitalized patients, one potential
project would include an IR on accuracy and reliability of different clinical thermometers
in children. Additionally, an IR on the literature specific to the geriatric population may
also be of value as they are the fastest growing population and have age-related
physiologic changes affect thermoregulation (Norman, 2000). While research on the
geriatric population was included in this review, discussion about factors important to

this population were not within the scope of the paper.
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Section 5: Dissemination Plan
Executive Summary
Introduction
The assessment of temperature as a marker for illness has been identified in the
literature as early as 1592 (Pearce, 2002). In 1871, Wunderlich wrote, “a knowledge of
the course of the temperature in disease is highly important to the medical practitioner,
and, indeed, indispensable” (p. vi.). The evolution of the clinical thermometer has
advanced significantly since the first crude device developed by Galileo in 1592 (Pearce,
2002). In 1866, Allbutt reduced the size of the mercury thermometer from 12 inches to
six inches in length (Pearce, 2002). The smaller, more portable mercury thermometer led
to the advent of routine temperature assessment in clinical practice (Pearce, 2002). The
mercury thermometer was the gold standard for routine temperature assessment until
medical and environmental concerns related to the mercury pushed the development of
various electronic, digital, and infrared clinical thermometers (Davie & Amoore, 2010).
Currently, there is a wide range of clinical thermometers used for hospitalized
adult patients. Reusable gallium-in-glass thermometers replaced the mercury
thermometers and are still in use (Lefrant et al., 2003; Rubia-Rubia et al., 2011; Smith,
2003). Digital and infrared thermometers include O, R, TM, AX, TAT, and NT. More
invasive devices, such as the ES, BL, and PAC thermometers, may be used in the critical
care or perioperative areas (Giuliano et al., 2000; Khan et al., 2006; Lawson et al., 2007;
Winslow et al., 2012). Factors which can impact the accuracy or reliability of

thermometers include (a) device characteristics and configuration, (b) patient
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characteristics and physiology, (c) operator technique, and (d) calibration and
maintenance (Davie and Amoore, 2010).

The accuracy of temperature assessment is a critical factor in the early
identification and treatment of infection or sepsis (Dellinger et al., 2012). Significantly,
inaccuracy in temperature assessment can lead to missed opportunities for early sepsis
identification, which was identified as a system-wide organizational priority at the
hospital study site. Clinical thermometers are chosen for their novelty, convenience,
rapidity, and lack of invasiveness for the patient, often without the knowledge of
differences in accuracy (Dunleavy, 2010; Ostrowsky, Ober, Wenze, & Edmond, 2003).

In 2001, the IOM described a healthcare system that was limited in its ability to
“translate knowledge into practice, and apply new technology safely and appropriately”
(pp. 2-3). Although there is a large body of research on the accuracy and reliability of
many thermometers, nurses were not knowledgeable about the thermometers they are
using in their environment. This IR synthesized the body of research into one document
and provides EBP recommendations which can be used by nurses and organizational
leaders.

Project Purpose

Temperature assessment is integral to the care of all hospitalized adult patients.
Imprecise temperature measurements may lead to unrecognized infection, increased
morbidity and mortality, and increased health care costs (Dellinger et al., 2012; Hall,
Williams, DeFrances, & Golosinskiy, 2011). At the practicum site, when staff nurses

were asked to clarify why they chose a specific thermometer or route, they were unable to
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specify any related evidence to support their practice. These practices demonstrated a
knowledge-to-practice gap related to the use of clinical thermometers used on adult
hospitalized patients.

The purpose of this project was to conduct an IR of the body of research related to
the accuracy and reliability of clinical thermometers. The IR will provide EBP
information to help narrow the knowledge-to-practice gap identified in the clinical
environment. Also, a synthesis of the evidence made available to organization leaders
may facilitate decision-making regarding which thermometers are best for early sepsis
identification.

Methodology

The methodology selected for this project was an IR review of the literature. The
IR is the broadest type of research review and can incorporate both experimental and
nonexperimental designs (Whittemore & Knafl, 2005). The inclusion of different types of
research can lead to a more robust understanding of the clinical question (Whittemore &
Knafl, 2005).

The framework for this review was the methodology proposed by Whittemore and
Knafl (2005). The five stages of the IR are (a) problem identification, (b) literature
search, (c) data evaluation, (d) data analysis, and (e) presentation of the findings
(Whittemore & Knafl, 2005). The literature was also categorized using the Hierarchy of
Evidence for Interventional Studies described by Fineout-Overholt et al. (2010). Finally,
the quality of the research was evaluated using the quality indicators and quality grade

described by Hooper and Andrews (2006).
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Sources of evidence. The four databases that were queried for the literature were
CINHAL & MEDLINE Simultaneous Search, ProQuest Nursing & Allied Health Source,
the Cochrane Database of Systematic Reviews, and PubMed. The inclusion dates for this
review were articles from January 1999 to December 2015. The inclusion criteria were as
follows: Peer reviewed journals, English language, human studies, critical care or
intensive care unit, perioperative, ED, inpatient, and adult (19+). The exclusion criteria
were as follows: Ambulatory settings, outpatient settings, prototype experimental
studies, intraoperative earphone type TM thermometer, exercise related studies, healthy
volunteers, and pediatrics (less than 19). The following keywords were used in each
database: temperature assessment, temperature assessment AND methods, body
temperature determination, body temperature determination AND methods, thermometry,
and thermometry AND methods AND comparison.

The inclusion of multiple clinical areas in this review was specific to the
population identified in the clinical practice question as a “hospitalized adult patient.”
While the ED may be considered an outpatient treatment area, it is also a significant
source (high volume, high risk) for screening patients for infection or sepsis (Rajee &
Sultana, 2006; Singler et al., 2013; Varney et al., 2002). Lastly, the review did not
include children, as their physiologic differences limit the generalizability of the findings
to adult populations.

The search results yielded 2,643 papers, and the abstracts were reviewed for their
relevance to the clinical question. The initial abstract review resulted in the selection of

85 papers. A secondary review resulted in the exclusion of 38 papers. Articles were
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excluded if the sample included children, outpatients, or healthy volunteers. Further
exclusions included pilot studies, experimental devices, and studies using the earphone-
type TM thermometers (not comparable to the other TM devices).
Findings

There were 47 articles which met the inclusion criteria for this review. Based on
the Hierarchy of Evidence described by Fineout-Overholt et al. (2010), 46 of the 47
studies were categorized as level IV studies. There was one SR, with level I evidence,
which met the inclusion criteria for this review. The quality of the research was evaluated
using the quality indicators described by Hooper and Andrews (2006). Of the 46 level IV
studies, two were determined to have a quality grade of A, while there were 20 with a
grade of B, and 18 with a grade of C. The lowest quality grade, D, was assessed for five
studies, as they were found to have less than two quality indicators. Most of the
populations were from the ICU (21), followed by medical/surgical wards (9),
perioperative patients (6), the ED (4), and oncology (3). Several articles had combined
populations from more than one area such as the ICU and medical/surgical wards (2),
ICU and the ED (1), and the ICU and perioperative patients (1).

Level I evidence: Systematic review. Jefferies, Weatherall, Young, and Beasley
(2011) conducted a SR to evaluate the accuracy of peripheral thermometers in the
detection of fever (> 37.5°C) in critically ill patients. While only three studies met the
inclusion criteria of their SR, data were evaluated on seven TM thermometers (different
brands and models), both O (digital) and R (digital). Five of the TM thermometers and

the O thermometer were within +0.2°C of the PAC. The mean difference of the R to PAC



71

was outside the acceptable criterion. The authors concluded that the TM and O devices
provided accurate temperature readings on febrile patients; the R device was not
recommended.

Level IV evidence: Cohort studies.

Tympanic membrane (TM) thermometer. There were 27 studies which included
an evaluation of the TM thermometer. A number of reference temperatures sites were
used for comparison including the PAC, ES, BL, O (digital or mercury), and R (digital or
mercury). The findings from these studies were inconsistent. Seventeen of the studies had
findings which did not support the use of the TM thermometer, while 10 others found the
device to be accurate enough for clinical use.

Clinically unacceptable. The TM thermometer was found to have unacceptably
wide bias or variability in 17 studies and was not recommended for clinical use
(Dunleavy, 2010; Farnell et al., 2005; Fountain et al., 2008; Frommelt et al., 2008;
Gilbert et al., 2002; Giuliano et al., 1999; Giuliano et al., 2000; Irvin, 1999; Jensen et al.,
2000; Khan, Vohra, Paul, Rosin, & Patel, 2006; Langham et al., 2009; Lawson et al.,
2007; Moran et al., 2007; Nonose et al., 2012; Prentice & Moreland, 1999; Rubia-Rubia
et al., 2011; Varney et al., 2002). A priori clinically acceptable differences were
described in 10 studies and ranged from + 0.2°C to = 0.5°C or + 0.2°F to = 0.5°F. Farnell
et al. (2005), using an expert panel, defined clinical acceptability by determining if the
inaccuracy would result in a delay in care or unnecessary interventions. Clinically
acceptable differences were not specified in seven studies (Dunleavy, 2010; Fountain et

al., 2008; Frommelt et al., 2008; Irvin, 1999; Khan et al., 2006; Moran et al., 2007,
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Nonose et al., 2012). When the quality of these studies was evaluated, seven were found
to have an acceptable quality grade of A or B (Gilbert et al., 2002; Giuliano et al., 1999;
Giuliano et al., 2000; Jensen et al., 2000; Lawson et al., 2007; Moran et al., 2007; Rubia-
Rubia et al., 2011).

Clinically acceptable. In contrast, authors of 10 other studies concluded that the
TM thermometer was clinically acceptable for use (Amatoeng et al., 1999; Hasper et al.,
2011; Haugan et al., 2012; Leon et al., 2005; Rajee & Sultana, 2006; Rubia-Rubia et al.,
2011; Singler et al., 2013; Smitz et al., 2000; Smitz et al., 2008; Spitzer et al., 2008). Of
note, only four studies had predefined clinically acceptable differences, range + 0.25°C to
0.5°C and + 0.5°F (Amatoeng et al., 1999; Haugan et al., 2012; Rajee & Sultana, 2006;
Rubia-Rubia et al., 2011). The quality of these studies was also variable, with half
receiving an acceptable quality grade of A or B (Amatoeng et al., 1999; Haugan et al.,
2012; Leon et al., 2005; Rubio-Rubio et al., 2011; Singler et al., 2013).

Diagnostic accuracy. There were eight studies which included an evaluation of
the diagnostic accuracy of the TM thermometer to detect fever or infection (Leon et al.,
2005; Prentice & Moreland, 1999; Rajee and Sultana, 2006; Rubia-Rubia et al., 2011;
Singler et al., 2013; Smitz et al., 2000; Smitz et al., 2009; Varney et al., 2002). Fever was
defined in seven studies and ranged from 37.5°C to 39°C; one group used an adjudicated
diagnosis of infection (Singler et al., 2013). The conclusions regarding the diagnostic
accuracy of the TM thermometer were also mixed.

Unacceptable diagnostic accuracy. When sensitivity to predict fever was

evaluated (Leon et al., 2005; Rajee & Sultana, 2006; Singler et al., 2013), the values
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ranged from 51% to 73%. Out of those patients with the adjudicated diagnosis of
infection (n = 105), 22.8% had TM fevers >38.°C whereas R fever was present in 43%
(Singler et al., 2013). The last group (Varney et al., 2002) found that of 19 occurrences of
R fever, that were afebrile by TM or O, 68% (n = 13) required admission.

Acceptable diagnostic accuracy. Rubia-Rubia et al. (2011), Smitz et al. (2000),
and Smitz et al. (2009) concluded that the TM could provide acceptable diagnostic
accuracy for fever. The sensitivity for fever ranged from 86% to 98%. Of note, Smitz et
al. concluded that although the TM thermometer can predict R fever, the predictive
accuracy of the TM thermometer was dependent upon operator technique and the quality
of the equipment.

Disposable chemical (CH) thermometers. Eight papers evaluated the accuracy
and reliability of the CH dot thermometer (such as TempaDot ™ or NexTemp™) for use
in other clinical areas. The findings for use of the CH thermometer were mixed.
Additionally, half of the authors recommended limited or cautionary use, so their findings
are described separately.

Clinically unacceptable. Counts et al. (2014) and Fallis et al. (2006) compared the
CH to the O thermometer and found the CH was not acceptable for clinical use. A priori
clinically acceptable differences were described in both studies (+ 0.3°C). Counts et al.
reported 21% (n = 10) differences >+ 0.5°C and 13% (n = 6) differences > + 1.0°C. Fallis
et al. found that 91% of CH readings either overestimated (81%) or underestimated

10%) the O temperature. Additionally, Fallis et al. reported 65 instances where the CH
p
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thermometers failed to demonstrate any color change. In evaluating the quality of these
studies, both were found to have a quality grade of B.

Clinically acceptable. Rubia-Rubia et al. (2011) used the PAC as the reference
and Rajee and Sultana (2006) used the R as the reference. Clinical acceptability was
defined in both studies ( 0.2°C). Both found a nonsignificant bias for both agreement
and repeatability between the CH thermometer and the reference temperature. The
quality evaluation of these two studies were mixed; the study by Rubia-Rubia et al.
received a B, while the study by Rajee and Sultana received a C.

Cautionary or limited use. Farnell et al. (2005), Fountain et al. (2008), and
Frommelt et al. (2008) found the CH to have a narrow bias while Potter et al. (2003)
determined acceptability with a strong correlation. However, there were sufficient
readings which were > 1.0° (F or C) to cause concern for use in the clinical environment.
Fountain et al. noted that 30% (n = 18) differed from the O temperature by 1.0 °F and 3%
(n = 2) differed by 2.0 °F. Potter et al. noted that 25% of the CH temperatures measured
either overestimated (11.8%) or underestimated (10.8%) body temperature by 0.4°C or
more. CH thermometer may be useful for screening or isolation, but abnormal findings
should be validated with another thermometer. All four studies in this group received a
quality grade of C.

Temporal artery thermometer (TAT). There were 19 studies which included a
review of the TAT thermometer. Reference sites for comparison included the PAC, BL,

O, and TM. The conclusions regarding this device are also varied.
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Clinically unacceptable. Authors from 12 studies concluded that the TAT device
was not accurate enough for clinical use (Bodkin et al., 2104; Counts et al., 2014; Fetzer
et al. 2008; Fountain et al., 2008; Frommelt et al., 2008; Kimberger et al., 2007; Marable
et al., 2009; Rubia-Rubia et al., 2011; Singler et al., 2013; Stelfox et al., 2010; Winslow
et al., 2012; Wolsfon et al., 2013). Clinically acceptable differences were established in
10 studies, with a range of = 0.2°C to 1.0°C and + 0.5°F to 0.6°F. Fountain et al. (2008)
and Frommelt et al. (2008) did not define clinically acceptable differences. Significantly,
the TAT was found to have a lack of agreement especially in the hypo- and hyperthermic
ranges (Kimberger et al., 2007; Stelfox et al., 2010; Winslow et al., 2012).

No-Touch (NT) infrared forehead thermometer. Only two studies which
evaluated the NT met the inclusion criteria for this review (Duncan et al., 2008;
Woodrow et al., 2006). Duncan et al. (2008) found the NT to be reliable (between NT
readings, = 0.94), but the agreement was poor. Woodrow et al. (2006) found the NT to
have an acceptable agreement, however they reported that the ¢ test comparisons (TAT to
TM oral and TAT to TM core) were statistically and significantly greater ( = 7.038; p <
0.001 and ¢ =-6.736; p < 0.001). The conclusion by both groups of authors was that this
thermometer was not accurate enough for use in acutely ill adults. Given the paucity of
data on accuracy and reliability, this thermometer is not recommended for use.

Axillary (AX) thermometry. There were 13 studies which included an evaluation
of the accuracy of AX temperatures. A variety of reference temperatures were used

including PAC, BL, O, and R. As with the other clinical thermometers, the findings were
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inconsistent. However, most authors concluded the AX route should not be used for
routine clinical assessments.

Clinically unacceptable. The findings from 10 studies demonstrated that AX
thermometry is clinically inaccurate for use in acutely ill adults (Barringer et al., 2011;
Jensen et al., 2000; Khan et al., 2006; Langham et al., 2009; Lawson et al., 2007; LeFrant
et al., 2003; Marable et al., 2009; Mason et al., 2015; Moran et al, 2007; Myny et al.,
2005). Clinically acceptable differences ranged from 0.3°C to 0.5°C and 0.2°F to 0.5°F.
Lefrant et al. (2003), Moran et al. (2007), Khan et al. (2006), and Barringer et al. (2011)
did not report clinically acceptable differences in their studies. The quality of the research
was variable. Five studies were found to have an acceptable quality grade of A or B
(Jensen et al., 2000; Lawson et al., 2007; Marable et al., 2009; Moran et al., 2007; Myny
et al., 2005).

Clinically acceptable. The conclusions reached in three studies was that the AX
was accurate for use in acutely ill adults. Reference temperatures included the PAC and
BL (Nonose et al., 2012) and the PAC alone (Rubia-Rubia et al., 2011) while Smith
(2003) compared AX (gallium-in-glass) to AX (mercury). Only one group identified a
clinically acceptable difference of 0.2°C (Rubia-Rubia et al., 2011). Nonose et al. (2012)
and Smith determined acceptability with correlational statistics (» = 0.64 and » = 0.886),
respectively. Rubia-Rubia et al. (2011) created a value score (which included accuracy,
ease of use, cost, speed, and durability) and determined the AX to have the strongest
results. Significantly, the authors noted the required dwell time for this device was 12

minutes, a significant limitation given the time constraints for nurses. The quality of
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these three studies was also variable, Rubia-Rubia et al. and Smith had a quality grade of
B, while the study by Nonose et al. had a quality grade of C.
Recommendations

The review of the literature did not reveal a clinical thermometer with better
accuracy and reliability than any other. There were inconsistent findings for all the
thermometers, except the NT device. Given the lack of evidence supporting any one
thermometer, the recommendations will address each device specifically.

Tympanic (TM) thermometer. One systematic review (Jefferies et al., 2011)
found that five of seven models of TM thermometer were accurate. The accuracy
associated with different models was also described by other researchers (Giuliano et al.,
2000; Haugan et al., 2012; Smitz et al., 2009). Another factor associated with the
variability and accuracy of the TM thermometer is technique (Amoeteng et al., 1999;
Gilbert et al., 2002; Giuliano et al., 1999; Giuliano et al., 2000; Smitz et al., 2009).
Where the TM thermometer is in use and to maximize clinical accuracy, ensure adequate
training and emphasize the importance of using the correct technique. Additionally,
organizational leaders should consider annual skills validation for this device.
Organization leaders considering the purchase of the TM thermometer should consider
evidence which specifies a superior model (described above).

Disposable chemical (CH) thermometers. The CH thermometer was found to be
accurate, but highly variable. Use of the CH thermometer should be limited for specific

clinical situations (such as isolation). When the patient’s condition requires the use of this
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thermometer, any abnormal temperatures should be validated by another, more reliable,
thermometer.

Temporal artery thermometers (TAT). Accuracy of the TAT thermometer was
limited to patients who are normothermic. Given the wide variety of clinical areas where
hyperthermia or hypothermia are of concern, this is a significant device limitation. The
use of this thermometer for acutely ill adults is not recommended.

NT forehead thermometers. Only two studies met the inclusion criteria for this
review. The paucity of data on the NT thermometer also creates limitations for use. More
research is needed on the NT thermometer before it can be recommended for use.

Axillary thermometry. AX thermometry is often used as an alternate site for
patients who are combative or confused, or when the oral site cannot be used. However,
the research does not support the use of the AX route for routine patient temperature
assessments. When the oral route is contraindicated, an alternative noninvasive device
should be used (Sund-Levander & Grodzinsky, 2013).

Implications for Nursing Practice

It is clear that the technological advances in clinical thermometers will continue.
These advances may outpace the ability of researchers to validate devices for accuracy
and reliability. However, is it also clear that faster more noninvasive thermometers do not
necessarily equate to better clinical results. As new devices are developed, time and care
should be used to ensure they are used appropriately.

An anecdotal experience I had highlights the problem with the rapid

employment of a clinical thermometer without adequate training. During a medical
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appointment, a nursing assistant obtained vital signs including a temperature. The device
he used was a noncontact infrared thermometer and which he aimed it at the carotid
artery. When asked about this new thermometer and technique (aiming at the carotid
artery), the nursing assistant relayed that the thermometers were new, sent out for use
only recently. No training or user manuals were available, as the device was “self-
explanatory.” Given my interest in the topic, a picture of the device was obtained with the
goal of adding to my knowledge and to the EBP project.

After several internet searches, I verified that the device was a NT temporal artery
thermometer. The company representative provided the user manual, which specified that
the correct technique was to aim the thermometer at the forehead. The representative also
specified that temperature accuracy could not be guaranteed if the device was not used to
its specifications.

Analysis of Self
Practitioner

The pursuit of this degree has been one of the most challenging and personally
satisfying endeavors of this chapter of my career. When I began my DNP journey, |
considered myself to be an expert nurse and clinician. However, after beginning the
coursework for my DNP, I realized that my level of professional development was
actually quite narrow.

According to Zaccagnini and White (2011), the DNP-prepared nurse is effective
in “(1) translating research into practice, (2) quality improvement and patient-centered

care, (3) evaluation of practice, (4) research methods and technology, (5) participation in
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collaborative research, and (6) disseminating findings” (p. 68). While I would not
consider myself an expert in each of these areas, I have experienced tremendous personal
and professional growth throughout the program. In particular, and with this project, I
developed in my ability to evaluate a body of research and synthesize the information
into a scholarly product that can be used by other nurses.

Scholar

I find this quote from Boyer (1992) to be one of my favorites “we need to relate
theory and research to the realities of life” (p. 90). I think it applies well to the current
clinical environment. The nurses I trained and worked with wanted information or
evidence on current practices. It is difficult for nurses to value research that is not
applicable to their practice.

Boyer’s (1992) redefinition of scholarship to include not only discovery but also
integration, application and teaching was also a powerful message to me. Before
beginning by DNP journey, my perspective of scholarship was that it was about research
(discovery). As an ICU nurse and an educator, I can see myself in each of the roles
described by Boyer. I feel even more capable now, as I complete my DNP project and
finish my degree.

Project Completion

Zaccagnini and White (2011) described the importance of analyzing and
understanding a clinical issue within the boundaries of a system. Leaders must
understand “the structure within the system” as well as “patterns of behavior” in order to

identify the best way to affect any change (Zaccagnini & White, 2011, p. 43). The



81

description of organizational and systems analysis is consistent with the second essential
characteristics of the DNP-prepared nurse (AACN, 2006). Throughout this DNP journey
and through the development of my project, one of my greatest challenges was my
limited exposure to the nuances of the civilian healthcare system. As a career military
nurse, | was able to operate and affect change within the military healthcare system.
However, knowledge of the military system did not translate well to a civilian, for-profit
organization.

As a project manager, one of the most valuable lessons I learned through my
practicum experiences was the critical importance of understanding the system. Although
I had many years of clinical experience, I was at a disadvantage in effecting changes in
my early projects because I did not understand the system. Similarly, as my DNP project
progressed, there were system issues (at the practicum site) which required a number of
changes to my project.

Most importantly, I have learned that each step in the project was a new learning
opportunity. While I found some of the changes frustrating, there was new insight to be
gained in looking at the project in a new light. Ultimately, with the guidance of my
committee chair and a great deal of hard work, I think I have developed an excellent
product. I believe my DNP project will add to the body of knowledge regarding clinical
thermometers and can serve as a resource for clinical nurses and organizational leaders.

Summary
Temperature accuracy is relevant in all areas of nursing practice. In the

hospitalized adult patient, temperature changes can signal early indicators of infection or
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of sepsis (Dellinger et al., 2012). Inaccuracy in temperature assessment, either because of
poor operator technique or device limitations, can result in missed opportunities to
identify and treat infection early. These missed opportunities can result in increased
morbidity and mortality, hospital length of stay, and increased health care costs
(Dellinger et al., 2012).

Often, clinical thermometers are chosen for use because they give rapid results
and the noninvasive nature of the device. However, these factors do not necessarily
equate to improved accuracy. This IR review provided a synthesis of the current evidence
on the accuracy of clinical thermometers. The synthesis of the literature is a resource for
clinical nurses and helps to bridge the knowledge-to-practice gap observed in the clinical
environment. In addition, the IR can serve as a resource for organizational leaders who

may be considering the purchase of new clinical thermometers.
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